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ANTIBACTERIAL CHORAL ^SUBSTITUTED PIPERIDINO)-BENZO P»J] 
QUINOUZINES, PROCESSES, COMPOSITIONS AND METHODS OF TREATMENT 

Field Of The Invention 

5 

This invention relates to 8-(substituted piperidino)-benzo pj] quinolizines, to processes for their 
preparation and to pharmaceutical compositions comprising 8-(substituted piperidino)-benzo [ij] 
quinolizines. 

10 These compounds and compositions possess potent activity in treating local and systemic 
infections, particularly infections caused by sensitive and resistant Gram-positive organisms, 
Gram-negative organisms, mycobacterial and nosocomial pathogens, and particularly those 
belonging to the staphylococcus, streptococcus and enterococcus groups. 

Also, disclosed are methods for treating the diseases and disorders arising from the foregoing 
15 infections in humans and animals by administering the compounds of the invention to said 
humans and animals. 

Background Of The Invention 

20 The active compounds of this invention are related to and derived from the fluoroquinolone 
antibiotic [(±)-9-fluoro-8-(4-hydroxypiperidin-l-yl>5-^ 

[ij]quinolizine-2-carboxylic acid disclosed in JP Patent No. 58,90,511 and US Patent No. 
4,399,134. 9-Huoro-8-(44iy<koxypiperidin-l-y^^ [ij] 
quinolizine-2-carboxylic acid has an asymmetric carbon atom at the 5-position thereof. RS~(±)- 

25 9-fluoro-8-(4-hydroxypiperidm-l^ [ij] quinolizine 

-2-carboxylic acid comprises two optically active isomers. In describing an optically active 
compound, the prefixes R and S or D and L are used to denote the absolute configuration of the 
molecule about its chiral centre(s). The prefixes (+) and (-) or d and 1 are employed to designate 
the sign of rotation of plane-polarized light by the compound, with (-) or 1 meaning that the 

30 compound is levorotatory. A compound prefixed with (+) or d is dextrorotatory. Compounds 

having a single chiral centre exist as a pair of enantiomers, which are identical except that they 

are non-superimposable mirror images of one another. A one-to-one mixture of enantiomers is 

often referred to as a racemic mixture. Racemic 9-fluoro-8-(4-hydroxypiperidin- 1 -yl)-5 -methyl- 

6,7-dihydro-lK>xo-lH-5H-benzo[y] acid is said to derive its biological 

l 
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activity primarily from the S-(-)-enantiomer. The optically active S-(-)-9-fluoro-8-(4- 
hydroxypip eridin- 1 -yl)-5-methyl-6,7-dihydn>-l -oxo- lH-5H-benzo [y]quinolizine-2-carboxylic 
acid [a] 20 D = -312.0 is obtained as disclosed in Chem. Pharm. Bull 44 (1996), page nos. 642-5 
and Jpn. Kokai Tokyo Koho JP 63,192,753. The optically active R-(+)-9-fluoro-8-(4- 
5 hydroxypiperidin-l-yl)-5-methyl-6,7-d^ 

acid, [af° D = +312.0, is obtained as disclosed in Jpn.Kokai Tokyo Koho JP 63,192,753. 
Pharmaceutical compositions of RS^±)-9-fluoro-8-(4-hydrojgT)iperidin-l-yl)-5-methyl-6,7- 
dihydro- 1 -oxo- lH-5H-benzo[y ]quinolizine-2-carboxylic acid are disclosed in US Patent No. 
4,399,134 and US Patent No. 4,552,879. 

10 

To our knowledge no 9-fluoro-8-(4-hydroxypiperidin-l-yl)-5-m^ 

benzo[ij]quinolizine-2-carboxylic acid derivatives are known in which the 8-(4- 
hydroxypiperidino) moiety is further substituted. However, Patent No. EP 
0241206 A2 generically lists quinolone 3-caiboxylic acid derivatives in which the 
15 fluoroquinolone core (R=cyclopropyl, X=fluoro, Ri = methoxy) 

has Y as the 7-substituent which is either a 4-hydroxypiperidino moiety or a 3-methyl-4- 
hydroxypiperidino moiety, of which only the compound bearing the 4-hydroxypiperidino 
substituent is cited as a preferred compound. 

20 In the compounds of formula I of our invention, when for instance the 8-substituent in the 9- 
fluoro-8-(substituted piperidin-l-yl)-5-methyl-6,7-dihydro-l-oxo-lH-5H-benzo[ij]quinolizine- 
2-carboxylic acid is 4-hydroxy piperidin-l-yl, in which Rj, R2 or R4 have the defined meanings 
as substituents at positions 2-, 3-, 4-, 5 - or 6- of the 4-OH-pip^ridine ring, new asymmetric 
centres are introduced in the compounds of the invention leading to mixtures of isomeric 

25 compounds. One substitution pattern is shown by the following graphic representation. 




The graphic representations of racemic, ambiscalemic and scalemic or enantiomerically pure 

compounds used herein are taken from Maehr J.Chem.Ed. 62,114-120 (1985): solid and broken 

wedges are used to denote the absolute configuration of a chiral element; wedge outlines and 

2 
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dotted and broken lines denotes enantiomerically pure compounds of indeterminate absolute 
configuration; wavy lines indicate disavowal of any stereochemical implication which the bond 
it represents could generate; and solid and broken lines as in the fonnula above are geometric 
descriptors indicating the relative configuration shown but specifically denoting racemic 
5 character. 

The compounds of the invention which are derived from S-(-)-9-fluoro-6,7-dihydro-8- 
(substituted piperidin-1 -yl>5-methyl- 1 k>xo- 1H, 5H-benzo[i j]quinolizine-2-carboxylic acid have 
one asymmetric centre which is fixed, viz. the 5(S)-methyl substhuent Additional asymmetric 
10 centres arise depending on the positions of the substhuents in the 8-substituted piperidin-l-yl 
moiety of the title compounds of this invention. 

For any value of Ri other when Ri=H with R-r=R4=H and R3 is as defined in this invention, two 
asymmetric centres arise at C-3 and C-4 in the 8-substituted piperidin-l-yl moiety of the 

15 compounds of the invention. For instance, when Ri=CH3 and R 2 == R3=R4=H, there are four 
possible isomers of a structure having two asymmetric carbons: (RR), (RS), (SR), and (SS). 
•Adopting the convention that the first denoted chiral centre is at C-4 of the 4-hydroxypiperidine 
moiety and the second is at C-3 of the 4-hydroxypiperidine moiety, compounds of the invention 
with two asymmetric centres at C-4 and C-3 of the 4-hydroxypiperidine moiety will henceforth 

20 be referred to as (4R, 3R), (4R, 3S), (4S, 3R), (4S, 3S) isomers. As the chiralhy of S-(-)-9- 
fluoro-6,7-dihydro-8^44iydroxypiperi pj] quinolizine- 

2-carboxylic acid is fixed, the compounds may comprise a mixture of four diastereomers of S-(- 
>9-fluoro-6,7-dihydro-8-(4-hydroxy-3-methylpiperidin-l-yl)-5-methyl-l^ 
quinolmne-2-carboxylic acid, in proportions that can range from a 100% mixture of 5S-trans 

25 isomers (4R,3R) and (4S,3S) to a 100% mixture of the 5S-cis isomers (4R,3S) and (4S,3R). 
Furthermore, because the two sets of cis and trans isomers are diastereomers, they can be 
separated on the basis of chemical properties such as solubility and crystallisation in achiral 
media, or by chromatography if need be, but there is no need to do so. Furthermore, the mixture 
of cis isomers or the mixture of trans isomers can be separated into pure optically active isomers 

30 by any one of the chiral techniques known to those skilled in the art. 

Another case arises when Ri has a value other than Ri=H, R4 is a substituent at the 2- or 5- or 6- 
positions of the 8-substituted piperidine moiety and has a value other than H but the same value 
as Ri and R 2 =Rr=H. For instance, when Ri=CEb, R 2 =R3=H, R4=5-CH3 3 there arise two 
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asymmetric centres at C-3 and C-5, with C-4 being achiral in the 4-hydroxypiperidine moiety of 
the compounds of the invention, resulting in four possible isomers of a structure having two 
asymmetric carbons, viz. trans-(SR), transmits), ds«(SR) and cis-(RS). Adopting the 
convention that the first denoted chiral centre is at C-3 of the 4-hydroxypiperidine moiety and 
5 the second is at C-5 of the 4-hydroxypiperidine moiety, compounds of invention with two 
asymmetric centres at C-3 and C-5 of the 4-hydroxypiperidine moiety will henceforth be 
referred to as trans-(3R,5S), trans-(3S,5R), ds-(3R,5S) and cis-(3S,5R). As the chirality of S-(- 
)-9-fluoro-6, 7-dihydro-8-(4-hydroxypiperidin-l-yl)-5-methyl- 1 -oxo- 1H, 5H-benzo [ij] 
quinolizine-2-carboxylic acid is fixed, the compounds may comprise a mixture of four 

10 diastereomers of S-(-)-9-fluoro-6,7-dihydro-8-(4-hy 

oxo-lH,5H-benzopj] quinolizine-2-carboxyHc add, in proportions that can range from a 100% 
mixture of 5S-trans isomers (3R,5S) and (3S,5R) to a 100% mixture of the 5S-ds isomers 
(3R,SS) and (3S,5R). Furthermore, because the two sets of cis and trans isomers are 
diastereomers, they can be separated on the basis of chemical properties such as solubility and 

15 crystallisation in achiral media, or by chromatography if need be, but there is no need to do so. 
Furthermore, the mixture of cis isomers or the mixture of trans isomers can be separated into 
pure optically active isomers by any one of the chiral techniques known to those skilled in the 
art. 

20 Our US patent application 09/566,875 filed on May 8, 2000 describes antibacterial optically pure 
benzoquinolizine carboxylic acids, their derivatives, salts and hydrates thereof processes for 
their preparation, and their pharmaceutical compositions for treatment of bacterial Gram- 
positive, Gram-negative and anaerobic infections and for treatment of diseases caused by 
resistant Gram-positive organisms, Gram-negative organisms, mycobacteria and nosocomial 

25 pathogens. The subject matter of this patent application is incorporated herein by reference. 

Streptococci of various groups such as Group A, Group B and Viridans groups are frequent 
causes of respiratory and other infections in human as well as animals. For example, 
Streptococcus pyogenes (group A streptococcus) is one of the most common and ubiquitous 
30 human pathogens. It is responsible for the majority of cases of sore throat in pediatric patients, 
and it is also a causative agent of severe life-threatening infections (sepsis, necrotising faciitis, 
toxic shock syndrome and non-suppurative sequelae such as rheumatic fever and acute 
glomerulonephritis). Disturbingly, in the recent past there is a wide spread emergence of 
macrolide antibiotic resistance in-group A streptococci and currently such macrolide resistant 
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strains are routinely reported from Europe, US, Canada and Japan. More recently, macrolide 
resistance is also reported in Viridans group and group B streptococci. 

Additionally, older fluoroquinolone antibiotics such as ciprofloxacin, ofloxacin, pefloxacin and 
5 lomefloxacin are only marginally active against streptococci and pneumococci. Several of the 
newer fluoroquinolones such as Levofloxacin, Gatifloxacin and Moxifloxacin although having 
improved potency against streptococci and pneumococci, suffer from the deficiencies that their 
potency against QRS A and MRS A is therapeutically inadequate. 

10 The superior antimicrobial profile of optically pure S-{-)-9-fluoro-S-(4-hydroxypiperidin-l -y\y 
5-methyl-6,7-dihydro-l^xo-lH-5H4>e^ acid, its derivatives, salts 

and hydrates thereof in comparison with RS-(±)-9-fluoro-8-^4-hydroxypiperidin-l-yl)-5-methyl- 
6,7-dihydro-l<>xo-lH-5H4)enzo[y]qiiinolizine-2-caiboxylic acid is disclosed in our PCT 
application WO 00/68229 published on November 16, 2000 and our US patent application 

15 09/566,875. The subject matter of which is incorporated by reference. The novel S-(-)-9-fluoro- 
6,7-dihydro-8^4-hydroxypiperidin-l-yl)-5-methyl-l-oxo-lH,5H-benzo pj]quinolizine-2- 
carboxylic acid derivatives, salts and hydrates thereof described therein have excellent potency 
and potent rapid bactericidal action against staphylococci including MRSA and QRSA strains, 
Gram-negative pathogens E.coli, Klebsiella, Proteus, Serratia, Citrobacter and Pseudomonas, 

20 mycobacteria and nosocomial pathogens. 

Summary Of The Invention 

It has now been discovered that 2-substituted, 3-substituted, 4-substituted, 5-substituted and 6- 
25 substituted analogs of the S-(4-hydroxypiperidinyl) moiety of S^-)-9-fluoro^,7-dihydro-8--(4- 
hydroxypiperidin- 1 -yl>5-methyl- 1 -oxo- 1H, 5H-benzopj] quinolizine-2-carboxylic add in 
particular the compounds described below, retain the antibacterial properties and profiles as 
described in our PCT application WO 00/68229 and US patent application 09/566,875 and are 
effective agents for treating a variety of infections caused by different pathogens belonging to 
30 the streptococcus and enterococcus groups. Specially, enterococcal bacteremia, usually 
encountered with high incidence in large medical centres, is associated with high mortality. 
Enterococci can also cause serious urinary tract infections. The attributes found for the 
compounds of the invention are not encompassed with the same potency and cidal action quality 
by S-(-)-9-fluoro-6,7Kiihy(iro-8^4-h^ 

5 
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quinolizine-2-carboxylic acid itself and its salts, pseudopolymorphs, polymorphs and hydrates 
thereof. Acquisition of these streptococcal and enterococcal cidal properties is of potential 
significant clinical benefit as it results into more effective eradication of pathogens from 
patients, leading to improved resolution of symptoms related to the respective infections. 
5 Additionally, it may also benefit patients in terms of quicker recovery, reduced period of 
hospitalisation, _and shorter duration of antimicrobial treatment. Most significantly, it may also 
minimize the chances of relapse of infection due to in-vivo selection of resistant subclones of 
streptococci and enterococci, which might arise in case of antibiotics which have a poorer and 
incomplete bactericidal action. 

10 

Among the 3 -substituted, 4-substttuted and 5 -substituted analogs of the ^-(substituted 
piperidinyl) moiety of S-(-)-9-fluoro-6,7-dihydro-8-(substituted piperidin- 1 -yl)-5-methyl- 1 -oxo- 
lH,5H-benzo[ij] quinolizine-2-carboxylic acid, those analogs bearing the optically pure 5S- 
methyl isomer of the fluoroquinolone core are preferred for treating local and systemic 

15 infections, particularly infections caused by a variety of pathogens belonging to the 
staphylococcus, streptococcus and enterococcus groups, that avoid adverse effects associated 
with the administration of those analogs bearing the 5R-methyl isomer of the fluoroquinolone 
core. The present invention also includes processes for the preparation of compounds of this 
invention and pharmaceutical compositions of the compounds of the invention. The present 

20 invention furthermore includes methods for treating local and systemic infections caused by 
different pathogens belonging to the staphylococcus, streptococcus and enterococcus groups by 
administering a compound of the invention and more particularly those compounds of the 
invention bearing the 5S-methyl isomer of the fluoroquinolone core to said human or animal. 

25 Detailed Description Of The Invention 

This invention relates to optically active ^-(substituted piperidino>benzo flj] quinolizines of the 
formula t O 



30 




Formula I 

6 
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Wherein 
X= hydrogen, 

or X is C1-C20 alkyl, such as straight chain or branched chain aliphatic residues such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, pentyl, hexyl or their branched chain 
5 isomers; 

or X is aralkyl such as benzyl 

or X is <CH 2 )n-CHRio-OCORn, or X is (C3H 2 )n-CHRio-OC02Rii wherein R i0 is H, or CH 3 ; n is 
0-3 and Rn is C1-C20 alkyl as hereinbefore defined or substituted Ci-C* alkyl such as 
hydroxybutyl or aralkyl such as benzyl; 
10 orRnis 



15 or X is a group such as acetoxymethyl, acetoxyethyl, carbethoxymethyl, pivaloyloxymethyl or 
pivaloyloxyethyl group; 



wherein A is CH or N, and when A is CH, Z is NH or NCH 3 , and when A is N, Z is CH2, O, 
20 NH, S, or NCH3 ; p is 0 - 2 ; q is 0 - 2, wherein X is a group such as N-methylpiperidin-4-yl, 
pyrrolidin-2-yl-ethyl, piperidin-2-yl-ethyl, or morpholin-2-yl-ethy 1 . 

Ri=R2 = H, C1-4 alkyl, aralkyl, aminoalkyl, trifluoroalkyl, halogen, except that when Ri=H, Ra is 
not equal to H 

R 3 is hydrogen, or C1-C20 alkyl as hereinbefore defined, or glycosyl, or aralkyl such as benzyl, or 
25 Ci-Q alkanoyl such as acetyl, propionyl, pivaloyl, stearoyl, or nonadecanoyl or aminoalkanoyl 
such as amino acid residues derived from one of the 20 naturally occurring amino acids viz. 
alanine, arginine, asparagine, aspartic acid, cysteine, ghitamine, glutamic acid, glycine, histidine, 
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 
tyrosine and valine, or the optically active isomers thereof, or the racemic mixtures thereof, or 
30 R3 is 1-aminocyclohexylcarbonyl or R3 is COORn wherein Rn is as hereinbefore defined or - 
(CH 2 )n-CHRi(rOCORii or -(CBb^HRio-OCOORn where n, Rio and Rn are as hereinbefore 
defined, or C^HnOg, PCb(CHb)H, PO3H2, P0 2 (OCH3)H or SQ3H thus giving respectively the 




o 



orXis 



(CH 2 ) P — A 
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gluconic acid, phosphoric acid, phosphoric acid and sulfonic acid ester derivatives of the 
compounds, provided all three of Ri, R2 and R3 are not equal to H at the same time; 
R4 = H, Ci^t alkyl, CF 3 , phenyl, or F, R4 is present at one or more of the positions of 2- 4-, 5- or 
6- of the piperidine ring; 

5 or an optical isomer, diastereomer or enantiomer thereof or polymorphs and pseudopolymoiphs 
or prodrugs thereof or pharmaceutically acceptable salts and hydrates thereof. 
"Optical isomer", "stereoisomer", and "diastereomer" as referred to herein have the standard art 
recognized meanings. 

10 The compounds of the invention may have one or more chiral centers. As a result, one may 
selectively prepare one optical isomer, including diastereomer and enantiomer, over another, for 
example by use of chiral starting materials, catalysts or solvents, one may prepare both 
stereoisomers or both optical isomers, including diastereomers and enantiomers at once (a 
racemic mixture). Since the compounds of the invention may exist as racemic mixtures, mixtures 

15 of optical isomers, including diastereomers and enantiomers, or stereoisomers, they may be 
separated using known methods, such as chiral resolution, chiral chromatography and the like. 

In addition, it is recognised that one optical isomer, including diastereomer and enantiomer, or 
stereoisomer may have favorable properties over the other. Thus when disclosing and claiming 
20 the invention, when one racemic mixture is disclosed, it is clearly contemplated that both optical 
isomers, including diastereomers and enantiomers, or stereoisomers substantially free of the 
other are disclosed and claimed as well. 

Preferred salts include cationic salts include the alkali metal salts (such as sodium and 
25 potassium), alkaline earth metal salts (such as magnesium and calcium), inorganic salts, such as 
ammonium, substituted ammonium, choline and organic base salts from basic amines such as 
diethanolamine, n-methylglucamine, ethylenediamine, guanidine or heterocyclic amines such as 
piperidine, hydroxyethylpyrrolidine, hydroxyethylpiperidine, morpholine, piperazine, N-methyl 
piperazine and the like or basic amino acids such as optically pure and racemic isomers of 
30 arginine, lysine, histidine, tryptophan and the like. 

Examples of appropriate acid addition salts include, but are not limited to acetate, adipate, 
ascorbate, aspartate, benzenesulfonate, benzoate, bicarbonate, bhartarate, butyrate, calcium 
edetate, camsylate, carbonate, citrate, cyclohexanesulfamate, dodecyl sulfate, edetate, edisylate, 

8 
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estolate, esylate, famarate, formate, gluceptate, gluconate, glutamate, glycollylarsanilate, % 
glutarate, hexylresorcinate, hydrabamine, hydroxynaphthoate, hydrochloride, hydrobromide, 
hydroiodide, hydrogensulfate, isethionate, lactate, malate, maleate, mandelate, malonate, 
methanesulfonate, methylbromide, methylnitrate, methylsulphate, mucate, napsylate, nitrate, 
5 oxalate, pamoate (embonate), pantothenate, phosphate/diphosphate, polygalacturonate, 
propionate, salicylate, stearate, subacetate, succinate, sulfate, tannate, tartrate, teoclate, 
triethiodide, trifluoroacetate, trifluoromethanesulfonate, p-toluenesulfonate, and the like. 

However, other appropriate medicinally acceptable salts within the scope of the invention are 
10 those derived from other mineral acids, organic acids and amino acids. The amino acid may be 
selected from one of the 20 naturally occurring amino acids: alanine, arginine, asparagine, 
aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine or valine or the 
optically active isomers thereof or the racemic mixtures thereof or dipeptides, tripeptides and 
15 polypeptides derived from the monoaminoacid units thereof. 
Preferred compounds of the invention are those wherein: 

X = Acetoxymethyl, propionyloxymethyl, pivaloyloxymethyl, 2-piperazinoethyl, 2- 
moipholinoethyl, 2-pyrrolidinoethyl, or 4-N-methyl piperidinyl; 

R, - CH3, C2H5, n-C3H7, i-C3H7, n-C4H9, i-C4H9, CF3, CH2C6H5, CH2NH2, or F; 
20 R2 = H, CH3, C2H5, n-C3H7, or n-C4H9; 

R3 = H, CH3, C2H5, COCH3, or COC(CH3)3; 
R4 = H, 5-CH3, 5-C2H5, 4-CH3, 4-CF3, 4-C6H5 

or an optical isomer, diastereomer or enantiomer thereof or polymorphs and pseudopolymorphs 
or prodrugs thereof or pharmaceutical^ acceptable salts and hydrates thereof. 
25 Specific compounds of the invention are: 

S-(-)-9-fluoro-6,7Kimydro-8^^ 
methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid (mixture of cis racemate and trans 
racemate); 

S-(-)-9-fluoro-6,7^ydro-8-(4-hydroxy-3-methy^iperidin-l-yl)-5- 
30 methyl- 1 -oxo- 1 H,5H-benzo [i, j]quinolizine-2-carboxylic acid sodium salt, (mixture of cis 

racemate and trans racemate); 

S<-)-9-£luoro-6,7^ydro-8-(4-methoxy-3-methylpiperidin-l-yl)-5- 
methyl-l-oxo-lH,5H-ben2» [i, j]qumolizme~2-carboxylic acid, (mixture of cis racemate and 
trans racemate); 

9 



WO 01/85728 



PCT/IN01/00100 



S^-)-9-fluoro-6,7-dihydro-^(4-ethoxy-3-methylpiperidiii- 1 -yl)-5-methyl~ 
1 -oxo- 1 H, 5H-benzo[i, j]quinolizine-2-carboxylic acid, (mixture of cis racemate and trans 
racemate); 

S-(->9-fluoro-6,7-dihydro-8-(4-acetoxy-3-m 
l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid, (mixture of cis racemate and trans 
racemate); 

S-(-)-9-fluoro-6,7-dihydro-8-(3-methy 
methyl- 1 -oxo- 1 H, 5H-benzo[i, j]quinolizine-2-carboxylic acid, (mixture of cis racemate and trans 
racemate); 

S^-)-9-fhioro^J-dihydro-8-^ 
methy lpiperidin- 1 -y 1 } -5-methy I- 1 -oxo- 1 H, 5H-benzo [i, j]quinolizine-2-carb oxylic acid Jfcs 
isomers, prodrugs and salts; 

S-(-)-9-fluoro-6,7-dihydro-8-{trans-(^^ 
1 -y 1 } -5 -methyl- 1 -oxo- 1 H, 5H-benzo[i, j]quinolizine-2-carboxylic acid; 

S^-)-9-fluoro-6,7-dihydro-8-{trara 
5-methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid arginine salt 

S-(-)-9-fluoro-6,7-dihydro-8-{trans-(^^ 
1 -yl}-5-methyl- 1-oxo- 1H, 5H-benzo[i, j]quinolizine-2-carboxylic acid; 

S-(-)-9-fluoro-6,7-dihydro-8-{trans-(+^ 
l-yl}-5-methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxyHc acid aiginine salt; 

S-(-)-9-fluoro-6,7-dihydro-8~{trans-^ 
1 -yl} -5 -methyl- 1 -oxo- 1 H,5H-benzo[i, j]quinolizine-2-carboxylic acid histidine salt; 

S-(->9-fluoro-6,7-<hhydro-8-{ti^^ 
1 -yl} -5 -methyl- 1 -oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid lysine salt; 

S^->9-fhioro-6,7-dihydro-8-{tran 
l-yl}-5-methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid arginine methyl ester salt; 

S-(-)-9-fluoro^,7-dihydro-8-{trans-(+)^S-hydroxy-3 
l-yl}-5-methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carb oxylic acid histidine methyl ester salt; 

S-(-)-9-ftooro-6J-dihydro-8-{cis-4-(^ 
1 -y 1-5 -methyl- 1 -oxo- 1 H, 5H-benzo[i, j]quinolizine-2-carboxylic acid its isomers, prodrugs and 
salts; 

s ^-)-9-fluoro^J-dihydro-8-{ds-Q 
yl}-5-methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid, its prodrugs and salts; 
S-(-)-9-fluon>-6,7-dihydro-8-{d 
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yl}-5-methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid, its prodrugs and salts; 

S-(-)-9-ftooro-6,7-dihydro-8^4-hydro^ 
5 -methyl- 1 - oxo- 1 H, 5H-benzo [i, j]quinolizine-2-cartoxylic acid (mixture of cis racemate and 
trans racemate); 

S-(->9-fluoro^ > 7-dihydro-8^3,3-dimethyl^hydn)xypiperi 
methyl-1 -oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

S-(-)-9-£luoro^,7^hydro-8-{4-acetoxy-3,3-dimethylpiperidin-l-yl)-5- 
methyl- 1 -oxo-1 H,5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

S-(-)-9-fluoro-6,7-dihy(ko-&-(3,3-dimethy^ 
5 -methyl- 1 -oxo- 1 H, 5H-benzo [i, j]quinolizine-2-carboxylic acid and its isomers; 

S-(-)-9-fhioro-6 > 7-dihydro-8-(3-ethyl-4-hydroxypiperidm 
1 -oxo-lH, 5H-benzo[i, j]quinolizine-2-carboxylic acid (mixture of cis racemate and trans 
racemate); 

S-(-)-9-fluoro-6,7-dihydro-8-(4-ac^xy-3-efr^ 
l-oxo-lH,5H-benzo [i, j]quinolizine-2-carboxylic acid (mixture of cis racemate and trans 
racemate); 

S<-)-9-fluoro^,7Hfihydro-8^3-^yM-^ 
m ethyl- 1 -oxo- 1 H, 5H-b enzo [i, j]quinolizine-2-carboxylic acid and its isomers; 

S^-)-9-fluoro-6,7-dihydro-8-(3,3-<fc^ 
methyl- 1 -oxo- 1 H, 5H-benzo [i, j]quinolizine-2-carboxylic acid and its isomers; 

S-(-)-9-fluoro-6J-dihydro-8-(3-eth^ 
methyl- 1 -oxo- 1 H, 5H-benzo [i, j]quinolizine-2-carboxylic acid and its isomers; 

S-(->9-fluoro-6, 7-dihydro-8-(4-acetoxy-3-ethyl-3 -methylpiperidin- 1 -yl>5- 
methyl-1 -oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

S<-)-9-£boro-6,7^hydm-8-(3-ethyl-4-pivaloyloxy-3-methylpiperidin-l- 
yl)-5-methy 1- 1 -oxo- 1H, 5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

S-(-)-9-fluoiXH6,7-dihydro-8^ 
methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid (mixture of cis racemate and trans 
racemate); 

S^-)-9-fluoro-6,7^hydro-8-(ti^s-3^ 
yl)-5-methy I- 1 -oxo- lH,5H-benzo[i, j]quinolizine-2-caiboxylic acid [and ]hs isomers ,prodrugs 
and salts ; 

S-(-)-9-fluoro-6,7-dihydro-8-(cis~3,5-d 
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5-methyl- 1 -oxo- lH,5H-benzo[i, j]quinolizine-2-carboxylic acid [and] its isomers, its prodrugs 
and salts; 

S^-)-9-fhioro-6,7-dihydn>-8~(4-hy 
methyl- 1 -oxo- 1H, 5H-benzo [i, j]quinolizine-2-carboxylic acid and its isomers; 

S^-)4)-fluoro-6,7-Klihydn>4^ 
methyl- 1 -oxo-1 H, 5H-benzo [i, j]quino!izine-2-carboxylic acid and its isomers; 

S-(-)-9-fluoro-6,7-dihydrcK8^4^^ 
methyl- 1 -oxo- 1 H, 5H-benzo [i, j]quinoltzine-2-carboxylic add and its isomers; 

S-(-)-9-fluoro-6,7-dihydro-8-(3~n-b^ 
methyl-1 -oxo-lH, 5H-benzo[i, j]quinolLzine-2-carboxylic add and its isomers; 

S-(-)-9-fluoro-6,7Hjihydro^ 
methyl- 1 -oxo-lH, 5H-benzo[i, j] quinolizine-2-carboxy lie add and its isomers; 

S-(->-9-fluoro-6, 7-dihy dro-8-(4-hydroxy-3-i so-butylpiperidin- 1 -yl)-5 - 
methyl-l-oxo-lH,5H-benzo[i, j]quinolmne-2-carboxylic acid and its isomers; 

S-(-)-9-fluoro-6,7-dihydro-8-(3-ben2^ 
methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

S-(-)-9-fluoro-6,7-dihydro-8-(4-hydroxy^methylpiperi 
methyl-l-oxo-lH, 5H-benzo[i, j]quinolizine-2-carboxylic add; 

S^-)-9-fluoro-6,7-dihydro-8-(4-hydroxy-4-trifluoromethylpi 1 -yl)- 

5-methyl- 1 -oxo- 1 H, 5H-benzo[i, j]quinolizine-2-carboxylic acid; 

S-(-)-9-fluoro-6,7-dihydio-8-{4-hydroxy^-phenylpiperidin-l-yl)-5-methyl-l- 
oxo-lH, 5H-benzo[i, j]quinolizine-2-caiboxylic add; 

S-(-)-9-fluoro-6,7^ihydro-8-(4-hydroxy--3-methyl-4-trifluoromethyl 
pq)eridin-l-yl)-5-methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic add and its isomers 

S-(-)-9-£hioro-6,7-dihy dro-8-(3 -fluoro-44iydroxypiperidin- 1 -yl)-5-methyl- 
1-oxo-lH, 5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

S~(-)-9-fluoro^,7-dihydro-8-(3-aminometh^ 
1 -oxo- lH,5H-benzo[i, j]quinolLrine-2-carboxylic add and its isomers; 

S-(-)-9-fluoro^,7-dihydro-^4-hydroxy-3,3,5-tiimeth^ 
methyl- 1 -oxo- 1H, 5H-benzo[i, j]quinolizine-2-carboxylic add and its isomers; 

s ^-9-fluoro-6,7-dihydro-8-(3,5 
methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic add and its isomers; 

S-(-)-9-fluoro-6,7-dihydro-8-(3,^ 

methyl- 1 -oxo- 1H, 5H-benzo[i, j]quinolizine-2-carboxyUc add and its isomers; 
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Pivaloyloxymethyl S<-)-9-fluoro-6,7-dihydro-8- {trans-4~(RS)-hydroxy-3- 
(RS)-methylpiperidin-l-yl}-5-m^ 

Acetoxymethyl S-(-)-9-£luoro-6,7-dihydro-8- {trans«4-(RS)-hydroxy-3- 
(RS)-methylpiperidin-l-yl}-5-m^ 

Carbethoxymethyl S-{-)-9-fluoro-6J-dihydro-8- {trans-4-(RS)-hydroxy- 
3-(RS)-methylpiperidin-l-yl}-5-^^ 

2-Piperazino-ethyl S-(-)-9-fluoro-6,7-dihydro-8- {trans-4-(RS)-hydroxy-3-(RS> 
methylpiperidin-1 -yl} -5-methyl-l-oxo- lH,5H-benzo[i j]quinolizine-2-carboxylate; 

2-Morpholino-ethyl S-(-)-9-£luoro-6,7-dihydro-8- {trans^-(RS)-hydroxy- 

3- (RS)-methylpiperidin -l-yl}-5-methyl-lK)xo-lH,5H-ben2X)[ij]quinoUzine«2K^rboxylate; 

2-Pyrrolidino-ethyl S-(-)-9-£luoro6,7-dihydro-8- { trans-4-(RS )-hydroxy-3 - 
(RS)-methyl piperidin-l-yl}-5-methyl-l^xo-lH,5H-benzo[ij]quinoli^ 

4-(N-methyi)-piperidinyl S-(-)-9-fluoro-6,7-dihydro-8- {trans -4-(RS)- 
hydroxy-3-(RS)-methyl piperidin^ 
carboxylate; 

Another embodiment of the invention encompasses a process to make the compounds of the 
invention, which comprise the following general methods. 

general Methods 
Method 1 

S-(-)-9-fluoro-6,7-dihydro-8-(3- or 4- or 5 - substituted-4-hydr oxypip eridin- 1 -y 1)- 5 -methyl- 1 -oxo- 
lH,5H-beri2x>[ij]quinolizine-2-carboxylic acid was prepared by heating a mixture of (OB)- 
diacetoxy- {S^-)-8,9-dmuoro-5-methyl-6,7-dihydro-5-methyl- 1-oxo- lH,5H-benzo[ij] 
quinolizine -2-carboxy}borane with appropriate 3- or 4- or 5-substituted-4-hydroxypiperidine in 
an organic solvent preferably acetonitrile or dimethyl sulphoxide, optionally in the presence of a 
base such as triethylamine, at 50 0 - 120 °C preferably 90 °C for 4 - 24 hr. 

Method 2 

This invention also includes a method for preparing S-(-)-9-fluoro-6,7-dihydro-8-(3- or 4- or 5- 
substituted-4-alkanoyloxypiperidin^ 

carboxylic acid comprising the steps of stirring a mixture of S-(-)-9-fluoro-6,7-dihydro-8-(3- or 

4- or 5-substituted^-hydroxypiperidm-l^ 

carboxylic acid with an appropriate alkanoylating agent in presence of a base in the presence or 
absence of an organic solvent at 0° - 100°C for 0.5 - 8 hr. 

5- (-)-9-fluoro-6,7-dihydro-8-(3- or 4- or 5-substituted-4-acetoxypiperidin-l-yl)-5-methyl-l-oxo- 
lH,5H-benzo[i j]quinolizine-2-carboxylic acid was prepared by stirring a mixture of S-(-)-9- 
fluoro-6,7-dihydro-8-(3- or 4- or 5-substituted^-hydroxypiperidin-l-yl)-5-methyl-l^xo-lH,5H- 
benzo[i j]quinolizine-2-carboxylic acid with acetic anhydride in presence of a base preferably 
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pyridine or triethyl amine in the presence or absence of an organic solvent at 0° - 100°C for 0.5 
- 8 hr preferably 2 hrs. 

Similarly prepared was S-(-)-9-fluoro-6,7-dihydro-8-(3- or 4- or 5-substituted-4- 
pivaloyloxypiperidin-l-yl)-5-methyl-l-oxo-lH,5H-benzo[ij]qiim acid using 

5 pivaloyl chloride in place of acetic anhydride. 

Method 3 

This invention also incldudes a method for preparing alkanoyloxymethyl S-(-)-9-fluoro-6,7- 
dihydro-8-{trans^-hydroxy-3-meth^ [ij] 
10 quinolizine-2-carboxylate comprising the steps of treating S-(-)-9-fluoro-^,7-dihydro-8-(4- 
hydroxy-3-methylpiperidin-l-yl)-5-methyH-oxo-lH,5H-benzo [ij]quinolizine-2-carboxylic 
acid with halomethyl alkanoate presence of a base potassium carbonate in the presence or 
absence of an organic solvent at 0° - 100°C for 2 - 24 hrs. 

15 Pivaloyloxymethyl S-(->9-fluoro-6,7-dihydro-8- {trans-4-hydroxy-3-methylpiperidin- l-yl)-5- 
methyl-l-oxo-lH,5H-benzotij]quinolizine-2-carboxylate was prepared by treating S-(-)-9- 
fluoro-6,7-dihydro-8-(4-hydroxy-3-methylpiperidin- 1 -yl)-5 -methyl- 1 -oxo- lH,5H-benzo [i j] 
quinolizine-2-carboxylic acid with chloromethyl pivalate in presence of a base preferably 
potassium carbonate in the presence or absence of an organic solvent at 0° — 100°C preferably 

20 50°C for 2 - 24 hr preferably 1 8 hr. 

Similarly prepared were acetoxymethyl S-(-)-9-fluoro-6,7-dihydro-8-{trans-4-hydroxy-3- 
methylpiperidin-l-yl)-5-methyl-l-oxo-lH,^ and 
carbethoxymethyl S-(-)-9-fluoro-6,7-dihydro-8-{tr^ 
25 methyl-l-oxo-lH,5H-^ben2X)[ij]quiiiolizine-2-caiboxylate by using chloromethyl acetate or ethyl 
bromo acetate respectively in place of chloromethyl pivalate. 

Method 4 

This invention also includes a method for preparing hetero cyclic amino/hetero cyclic 
30 aminoalkyl S-(-)-9-fluoro-6 > 7-dihydro-8- {trans-4-hydroxy-3-methylpiperidin- 1 -yl)-5 -methyl- 1 - 
oxo-lH,5H-benzo[ij]quinohzine-2-carboxylate comprising the steps of treating S-(-)-9-fluoro- 
6,7-dihydro-8-(4-hydroxy-3-methylpiperidin- 1 -yl)- 5 -methyl- 1 -oxo- lH,5H-benzo [ij] 
quinolizine-2-carboxylic acid with hydroxy heterocyclicamine/hydroxyalkyl heterocyclic amine 
in presence of a base in the presence of a condensing agent and in the presence or absence of an 
35 organic solvent at 50° - 100°C for 2 - 48 hr. 

2-Piperazinoethyl S-(-)-9-fluoro-6J-dihydro-8-{trans-4-hydroxy-3-methylpiperi 
methyl- 1 -oxo- 1 H,5H-benzo [i j]quinolizine-2-carboxylate was prepared by treating S-(-)-9- 
fluoro-6J-dihydro-8-(4-hydroxy-3-m^ [ij] 
40 quinolizine-2-carboxylic acid with N-2-hydroxyethyl piperazine in presence of a base such as 
4-N,N-dimethylamino pyridine and triethylamine, in the presence of a condensing agent such as 
N,N-dicyclohexylcarbodiimide and in the presence or absence of an organic solvent such as 
N,N-dimethyl acetamide at 50° - 100°C for 2 - 48 hr. 

45 Similarly prepared were 2-morpholino ethyl S-(-)-9-fluoro-6,7-dihydro-8-{trans-4-hydroxy-3- 
methylpiperidin-l-yl)-5-methyl-l-oxo-lH^ 2- 
pyrrolidino ethyl S-(0-9-fluoro-6J-dihydro-8-{traiis-4-hydroxy-3-methylpiperidin-l-yl)-5^ 
methyl-l-oxo-lH,5H-benzo[ij]quinolizine-2-carboxylate and 4-(N-methyl)-piperidinyl S-(-)-9- 
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fluoro-6,7-dihydro-8-{fram^hydroxy-3-m^ 

[ij] quinolizine-2-carboxylate by using N-2-hydroxyethyl moipholine, N-2-hydroxyethyl 
pyrrolidine or 4-hydroxy-N-methylpiperidine respectively in place of N-2 hydroxyethyl 
piperazine. 

5 

Method 5 

The pharmaceutical^ acceptable cationic salts of compounds I may be prepared by conventional 
methods from the corresponding acids e.g. by reaction with about one equimolar amount of a 
base. Examples of suitable cationic salts are those of alkali metals such as sodium or potassium, 
10 alkaline earth metals such as magnesium or calcium and ammonium or organic amines such as 
diethanolamine or N-methylglucamine, ethylenediamine, guanidine or heterocyclic amines such 
as piperidine, hydroxyethylpyrrolidine, hydroxyethylpiperidine, morpholine, piperazine, N- 
methyl piperazine and the like or basic amino acids such as optically pure and racemic isomers 
of arginine, lysine, histidine, tryptophan and the like. 

15 

The hydrates, pseudopolymorphs and polymorphs of all the compounds of the invention are also 
included. 

The present invention also encompasses the process of making the intermediate amines, as 
20 illustrated in the detailed preparations that are used in the condensation with the fluoroquinolone 
nucleus. For instance, the 3-substituted-4-hydroxy piperidine intermediates can exist as a 
mixture of cis and trans isomers. Each cis and trans isomer is a racemic mixture and can be 
resolved into optically active enantiomeric forms. Each cis or trans isomer, optionally 
debenzylated and/or deacetylated can be resolved into their optically active enantiomers by 
25 conventional methods known to those skilled in the art of resolving racemic mixtures by 
fractional crystallisation of their salts with appropriate resolving agents or by chromatography or 
by enzymatic techniques. The methods for preparation of the mixture of cis and trans isomers 
and their resolution into enantiomeric forms is exemplified for instance by the following 
example of 3-methyl-4-hydroxy piperidine l-Benzyl-4-acetoxy-3-methytpiperidine (a mixture of 
30 cis and trans isomers) was prepared according to the literature procedure [A.F.Casy and 
W.KJeffery, CanJ.Chem. 50 (1972),803] and separated by silica gel chromatography into the 
respective cis and trans isomers. The end result of using such resolution and/or chemical 
procedures is to obtain the optically active enantiomer of cis-3-methyl-4-hydroxypiperidine and 
of trans-3-methyl-4-hydroxypiperidine. Using any one of the enantiomeric mixtures of cis-3- 
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methyl-4-hydroxypiperidine or trans-3-methyl-4-hydioxypiperidine or one of their optically pure 
enantiomers, the compounds of the invention can be prepared by condensing the respective 3- 
methyl-4-hydroxypiperidine with (0-B)-diacetoxy-[S-(-)-8,9-difluoro-5-methyl-l-oxo-lH,5H- 
benzo [i.,] quinolizine-carboxy] borane, as exemplified in the section on examples described 
5 later in this specification. 

The present invention also encompasses an antiinfective composition for the treatment of 
humans and animals in need of therapy for systemic or topical infections especially resistant 
Gram-positive organism infections, Gram-negative organism infections, mycobacterial 

10 infections and nosocomial pathogen infections, which comprises an amount of optically pure 
compounds of the invention the derivatives, salts, hydrates, pseudopolymorphs and polymorphs 
thereof, preferably, substantially free of the compounds of the invention bearing the 5R-mehyl 
enantiomer of the fluoroquinolone core, said amount being sufficient to eradicate said infection. 
The composition should provide a therapeutic dose, which is insufficient to cause the toxic 

15 effects associated with the comparable compositions comprised of compounds of the invention 
bearing the 5RS-isomeric mixture of the fluoroquinolone core. 

In addition the compounds of the invention have superior bactericidal activity against 
pneumococci, streptococci and enterococci of various groups. Cidal features available in such 

20 molecules add to their clinical attractiveness as it would offer clinicians a valuable treatment 
option to treat a broader range of infections caused by staphylococci, MRS A, MRSE, 
pneumococci, streptococci and enterococci in a situation such as patients allergic to B-lactam or 
possibility of infections due to macrolide resistant strains of streptococci, pneumococci and 
enterococci or MRSA/QRSA/VRE. The compounds of the invention have potential not only to 

25 suppress the growth of VRE strains but also a dual advantage of reducing or curtailing 
vacomycin usage for the treatment of MRS A infections and thereby not creating circumstances 
favourable for VRE emergence. Moreover, the molecules of the invention also retain the other 
valuable features of S-(-)-9-fluoro-6,7-dihydro-8-(4-hydroxypiperidin-l-yl)-5-methyl-l-oxo- 
lH,5H-benzo[ij]quinolizine-2-carboxylic acid its derivatives, salts, pseudopolymorphs, 

30 polymorphs and hydrates thereof, of being bactericidal to fluoroquinolone resistant 
staphylococci (QRS A with resistant gyrase) and even to staphylococcal isolates possessing Nor 
A efflux pump. A combination of all these properties coupled with overall good safety and 
tolerability observed in a new molecule renders it worthy of therapeutic use in humans and 
animals. 
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The abovelist of pathogens is merely by way of example and is in no way to be interpreted as 
limiting. Streptococci are implicated as one of the most common pathogens, in both the pediatric 
and adult population in diverse infections/diseases. Examples which may be mentioned of 
diseases, which can thus be prevented, alleviated and/or cured by the formulations according to 
5 the invention are meningitis, otitis externa, otitis media; pharyngitis; pneumonia; life-threatening 
bacteremia, peritonitis; pyelonephritis; cystitis; endocarditis; systemic infections; bronchitis; 
arthritis; local infections; septic diseases. Examples of enterococcal diseases are specially 
enterococcal bacteremia and urinary tract infections. 

10 These findings have an important implication from the point of view of the systemic use of the 
compounds of the invention in view of their superior potency, superior bactericidal activity, 
expanded biospectrum, better bioavailability and improved tolerability are now enabled to be 
administered systemically in therapeutically effective doses. 

15 Utilising the substantially optically pure or optically pure isomer or optically pure compounds of 
the invention, the derivatives and salts thereof whether in systemic or topical dosage form, 
results in clearer dose-related definitions of efficacy, diminished toxic effects and accordingly an 
improved therapeutic index. 

20 The pharmaceutical compositions are prepared according to conventional procedures used by 
persons skilled in the art to make stable and effective compositions. In the solid, liquid, 
parenteral and topical dosage forms, an effective amount of the active compound or the active 
ingredient is any amount, which produces the desired results. 

25 For the purpose of this invention the pharmaceutical compositions may contain the active 
compounds of the invention, their derivatives, salts and hydrates thereof in a form to be 
administered alone, but generally in a form to be administered in admixture with a 
pharmaceutical carrier selected with regard to the intended route of administration and standard 
pharmaceutical practice. Suitable carriers which can be used are, for example, diluents or 

30 excipients such as fillers, extenders, binders, emollients, wetting agents, disintegrants, surface 
active agents and lubricants which are usually employed to prepare such drugs depending on the 
type of dosage form. 
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Any suitable route of administration may be employed for providing the patient with an effective 
dosage of the compound of the invention their derivatives, salts and hydrates thereof For 
example, oral, rectal, parenteral (subcutaneous, intramuscular, intravenous), transdermal, topical 
and like forms of administration may be employed. Dosage forms include (solutions, 
suspensions, etc) tablets, pills, powders, troches, dispersions, suspensions, emulsions, solutions, 
capsules, injectable preparations, patches, ointments, creams, lotions, shampoos and the like. 

Pharmaceutical compositions of the present invention suitable for oral administration may be 
presented as discrete units such as capsules, cachets, or tablets* or aerosol sprays, each 
containing a predetermined amount of the active ingredient, as a powder or granules, or as a 
solution or a suspension in an aqueous liquid, a non-aqueous liquid, an oil-in-water emulsion, or 
a water-in-oil liquid emulsion. Such compositions may be prepared by any of the methods of 
pharmacy, but all methods include the step of bringing into association the active ingredient with 
the carrier which constitutes one or more necessary ingredients. In general, the compositions are 
prepared by uniformly and intimately admixing the active ingredient with liquid carriers or 
finely divided solid carriers or both, and then, if necessary, shaping the product into the desired 
presentation. 

The compositions of the present invention include compositions such as suspensions, solutions, 
elixirs, aerosols, and solid dosage forms. Carriers as described in general above are commonly 
used in the case of oral solid preparations (such as powders* capsules and tablets), with the oral 
solid preparations being preferred over the oral liquid preparations. The most preferred oral 
solid preparation is tablets. 

Because of their ease of administration, tablets and capsules represent the most advantageous 
oral dosage unit form, in which case solid pharmaceutical carriers are employed. Examples of 
suitable carriers include excipients such as lactose, white sugar, sodium chloride, glucose 
solution, urea, starch, calcium carbonate, kaolin, crystalline cellulose and silicic acid, binders 
such as water, ethanol, prepanol, simple syrup, glucose, starch solution, gelatin solution, 
carboxymethyl cellulose, shellac, methyl cellulose, potassium phosphate and polyvinyl 
pyrrolidone, disintegrants such as dried starch, sodium alginate, agar powder, laminaria powder, 
sodium hydrogen carbonate, calcium carbonate, Tween (fatty acid ester of 
polyoxyethylenesoibitan), sodium lauryl sulfate, stearic add monoglyceride, starch, and lactose, 
disintegration inhibitors such as white sugar, stearic acid glyceryl ester, cacao butter and 
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hydrogenated oils, absorption promoters such as quaternary ammonium bases and sodium lauryl 
sulfate, humectants such as glycerol and starch, absorbents such as starch, lactose, kaolin, 
bentonite and colloidal silicic acid, and lubricants such as purified talc, stearic acid salts, boric 
acid powder, polyethylene glycol and solid polyethylene glycol. 

5 

The tablet, if desired, can be coated, and made into sugar-coated tablets, gelatin-coated tablets, 
enteric-coated tablets, film-coated tablets, or tablets comprising two or more layers. 

If desired, tablets may be coated by standard aqueous or nonaqueous techniques. 

10 

In molding the pharmaceutical composition into pills, a wide variety of conventional carriers 
known in the art can be used. Examples of suitable carriers are excipienls such as glucose, 
lactose, starch, cacao butter, hardened vegetable oils, kaolin and talc, binders such as gum arabic 
powder, tragacanth powder, gelatin, and ethanoL, and disintegrants such as laminaria and agar. 

15 

In molding the pharmaceutical composition into a suppository form, a wide variety of carriers 
known in the art can be used. Examples of suitable earners include polyethylene glycol, cacao 
butter, higher alcohols, gelatin, and semi-synthetic glycerides. 

20 A second preferred method is parenterally for intramuscular, intravenous or subcutaneous 
administration. 

A third preferred route of administration is topically, for which creams, ointments, shampoos, 
lotions, dusting powders and the like are well suited. Generally, an effective amount of the 
25 compound according to this invention in a topical form 0.1% composition is to about 10% by 
weight of the total composition. Preferably, the effective amount is 1% of the total composition. 

In addition to the common dosage forms set out above, the compounds of the present invention 
may also be administered by controlled release means and/or delivery devices such as those 
30 described in U S Patent Nos. 3,845,770; 3,916,899; 3,536,809; 3,598,123 and 4,008,719; the 
disclosures of which are hereby incorporated by reference. 
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Desirably, each tablet contains from about 200 mg to about 1500 mg of the active ingredient. 
Most preferably, the tablet, cachet or capsule contains either one of three dosages, about 200 mg, 
about 400 mg, or about 600 mg of the active ingredient 

5 When the pharmaceutical composition is formulated into an injectable preparation, in 
formulating the pharmaceutical composition into the form of a solution or suspension, all 
diluents customarily used in the art can be used. Examples of suitable diluents are water, ethyl 
alcohol, polypropylene glycol, ethoxylated isostearyl alcohol, polyoxyethylene sorbitol, and 
soibitan esters. Sodium chloride, glucose or glycerol may be incorporated into a therapeutic 

10 agent. 

The antimicrobial pharmaceutical composition may further contain ordinary dissolving aids, 
buffers, pain-alleviating agents, and preservatives, and optionally coloring agents, perfumes, 
flavors, sweeteners, and other drugs. 

15 

For topical application, there are employed as non-sprayable forms, viscous to semi-solid or 
solid forms comprising a carrier compatible with topical application and having a dynamic 
viscosity preferably greater than water. Suitable formulations include but are not limited to 
solutions, suspensions, emulsions, creams, ointments, powders, liniments, salves, aerosols, etc., 
20 which are, if desired, sterilized or mixed with auxiliary agents, e.g. preservatives, antioxidants, 
stabilizers, wetting agents, buffers or salts for influencing osmotic pressure, etc. For topical 
application, also suitable are sprayable aerosol preparations wherein the active ingredient 
preferably in combination with a solid or liquid inert carrier material. 

25 A specific embodiment of the invention is the preparation of storage stable compositions of the 
compounds of the invention of formula L Such stable compositions can be advantageously 
made through the use of selective stabilizers. Different stabilizers are known to those skilled in 
the art of making pharmaceutical compositions. Of special utility for making storage stable 
compositions of the compound of the invention of formula L, stabilizers such as disodhim 

30 EDTA, tromethamine, cyclodextrins such as gamma-cyclodextrin, hydroxy-propyl-gamma- 
cyclodextrin have been found to be useful. 
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A specific embodiment of the invention utilises arginine as an excipient in compositions to 
facilitate the aqueous solubility of the compounds of the invention which comprises utilising an 
appropriate molar amount of arginine with a specific compound of the invention. 

5 In a specific embodiment of the invention, the pharmaceutical compositions contain an effective 
amount of the active compounds of the invention, its derivatives, salts or hydrates thereof 
described in this specification as hereinbefore described in admixture with a pharmaceutical 
acceptable carrier, diluent or excipients, and optionally other therapeutic ingredients. 

10 The prophylactic or therapeutic dose of the compounds of the invention, their derivatives, salts 
or hydrates thereof^ in the acute or chronic management of disease will vary with the severity of 
condition to be treated, and the route of administration. In addition, the dose, and perhaps the 
dose frequency, will also vary according to the age, body weight and response of the individual 
patient. In general, the total daily dose range, for the compounds of the invention, the 

15 derivatives, salts or hydrates thereof for the conditions described herein, is from about 200 mg 
to about 1500 mg, in single or divided doses. Preferably, a daily dose range should be between 
about 400 mg to 1200 mg, in single or divided dosage, while most preferably a daily dose range 
should be between about 500 mg to about 1000 mg in divided dosage. While intramuscular 
administration may be a single dose or upto 3 divided doses, intravenous administration can 

20 include a continuous drip. It may be necessary to use dosages outside these ranges in some cases 
as will be apparent to those skilled in the art. Further, it is noted that the clinician or treating 
physician will know how and when to interrupt, adjust, or terminate therapy in conjunction with 
individual patient's response. The term "an amount sufficient to eradicate such infections but 
insufficient to cause said toxic effect" is encompassed by the above - described dosage amount 

15 and dose frequency schedule. 

The invention is further defined by reference to the following examples describing in detail the 
preparation of the composition of the present invention as well as their utility. It will be 
apparent to those skilled in the art that many modifications, both to materials and methods may 
30 be practiced without departing from the purpose and scope of this invention. 

The following preparations and examples illustrate the methods of preparation of the compounds 
of the invention and are provided only as examples, but not to limit the scope of the compounds 
of the invention. 
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Preparation 1 
4-Hvdroxv-4-trifluoromethvlpiperidiDe 
A mixture of l-benzyl-4-piperidone (2.2 g, 11.67 mmole) and (trifluoromethyl>trimethyl silane 
(2.37 g, 16.7 mmole) in dry THF (10 ml) at 0 °C was treated with tetrabutylammonium fluoride 

5 (0.02 g) in THF. The mixture was stirred at 0 °C for 1 5 min and allowed to stir at 25 - 30 °C for 
2hr. THF (10 ml) and 3N HC1 were added and stirred for 2 hr. The reaction mixture was 
extracted with ethyl acetate (3 X 25 ml), washed with water (2 X 10ml) and brine (20 ml), dried 
(Na 2 S0 4 ). Residue obtained after evaporation of solvent was purified by column 
chromatography over silica gel. Elute from a mixture of 5% methanol in chloroform gave 1- 

10 benzyl-4-hydroxy-4-trifluoromethylpiperidine as an oil. Yield 2.2g, (73%), C13H24NOF3, m/z 
260 (M+1), PMR (CDCI3): 1.7 (2H, d, CH 2 , j - 10Hz), 1.85 (1H, bs, OH, D 2 0 exchangeable), 
1.9 (2H, t, CH 2 , j = 10Hz), 2.3 (2H, t, CH 2 , j = 10Hz), 2.8 (2H, d, CH 2 , j = 10Hz), 3.55 (2H, s, 
CH 2 Ar), 7.2-7.4 (5H, m, ArH). 

15 l-Benzyl-4-hydroxy-4-trifluoromethylpiperidine (2.0 g, 7.72 mmole) was stirred with 20% 
palladium hydroxide (0.15 g) in methanol under hydrogen for 40 hr at 30°C. The reaction 
mixture was filtered and concentrated at reduced pressure to furnish 4-hydroxy-4-trifluoro- 
methylpiperidine. Yield 1.28 g (98%) CeHioNOFa, m/z 170 (M+l), PMR (CDCI3): 1.8-2.1 (4H, 
m, 2XCH 2 ), 3.1-3.5 (4H, m, 2XCH 2 ). 

20 Preparation 2 

trans^-rRS^-Hvdroxv-3-fRSVmethvlpiperidine 
A mixture of trans-l-benzyl^-(RS)-acetoxy-3-(R^)-methylpiperidine [7 g, 28.5 mmole 
{prepared according to literature procedure described in A.F.Casy and W.K.JefiFery, 
CanJ.Chem., 50(1972),803}] and 20% palladium hydroxide (1.8 g) in methanol (25 ml) was 

25 stirred at 50 - 55°C under hydrogen (1 atmosphere) for 20 hr. The catalyst was filtered off and 
•washed with methanol. Filtrate was concentrated to give trans-4-(RS)-acetoxy-3-(RS)-methyl 
piperidine as oil. Yield 4.41 g (100%), C 8 Hi 5 N0 2 , m/z 158 (M+l), PMR (CDC1 3 ): 0.94 (3H, d, 
CH 3 , j = 8Hz), 1.42 (1H, m, H 3 ), 1.67 (1H, m, H 5 ), 1.98 (1H, m, H 5 ), 2.08 (3H, s, COCH 3 ), 2.3 
(1H, t, H 2 , j = 12 Hz), 2.68 (1H, dt, H 2 , j = 3 Hz, 12 Hz), 3.04 (2H, m, He), 4.5 (1H, dt, H4, j = 3 

30 Hz, 12 Hz). 

The obtained trans-4-(RS)-acetoxy-3-(RS)-methylpiperidine (4.41 g) was refluxed with aqueous 
NaOH (25 ml, 10%) for 5 hr, cooled and extracted with ethyl acetate (2 X 50 ml). The extract 
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was washed with water, dried (sodium sulphate), concentrated to furnish trans-4-(RS)-hydroxy- 
3.(RS>methylpiperidine as colourless oil. Yield 3.26 g (90 %), QjHuNO, m/z 116 (M+l), PMR 
(CD 3 OD); 0.98 (3H, d, CH3, j - 8Hz), 1.6 (2H, m, H3 & H 5 ), 2.04 (1H, m, H5), 2.64 (1H, t, H 2 , j 
= 12 Hz), 2.92 (lH,dl,H2,j==3Hz,12Hz),3.28(3H,m,H4&H6). 

5 

Preparation 3 
Trans-f-f V4 S-acetoxv-3 S-methvlpiperidine 
Method 1 

A solution of 1 -benzyl -3 -methyIpiperidin-4~one (25.3 g, 125.0 mmole) in dry tetrahydrofiiran 
10 (100 ml) was added to the stirred solution of (-)-diisopinocampheyl borane (35.9 g, 126.0 mmole 
{prepared according to the procedure described in H.CBrown, J.Org.Chem., 49 (1984), 945}) in 
dry tetrahydrofiiran (200 ml) at -78°C over a period of 1 hr under nitrogen atmosphere. The 
stirring was continued for 2 hr at — 78°C and stirring continued for 12 at ambient temperature. 
The resulting stirred borane complex was decomposed with aqueous NaOH solution (10 %) and 
15 hydrogen peroxide (7 ml, 30 %) respectively at 0°C over a period of 1 hr. The reaction mixture 
was extracted with ethyl acetate (2 X 250 ml), ethyl acetate extract was washed with brine 
solution, dried (Na 2 SC>4) and concentrated to give a crude mixture of cis- and trans- l-benzyl-4- 
hydroxy-3-methylpiperidine as oil. Yield 21 g (82 %), C13H19NO, m/z 206 (M+l). 

20 Acetic anhydride (12.54 ml, 122.0 mmole) was added dropwise to the stirred solution of the 
above obtained crude mixture of cis- /trans-l-benzyl-4-hydroxy-3-methylpipoidine (21 g, 102.0 
mmole) and 4-N,N-dimethylpyridine (0.25 g) in pyridine (50 ml) at 0 - 5°C. The reaction 
mixture was stirred for 2 hr at ambient temperature and concentrated to dryness. The residue 
thus obtained was dissolved in ethyl acetate, washed with water, dried (Na 2 S0 4 ) and 

25 concentrated to dryness to furnish crude mixture of cis- and trans-4-acetoxy- 1 -benzy 1-3 - 
methylpiperidine as oil. The obtained mixture of cis and trans 4-acetoxy-l-benzyl-3- 
methylpiperidine was separated on silica column. Elution from 7 % ethyl acetate in hexane gave 
trans-(+)-4-S-acetoxy-l-benzyl-3-S-methylpipCTidine. Yield 6.0 g (35 %), [a b + 16.8 °, 
C15H21NO2, m/z 248 (M+l), PMR (CDCfe): 0.94 (3H, d, CH 3 , j - 8Hz), 1.62 (1H, m, H 3 ), 1.78- 

30 2.2 (2H, m, H 5 ), 2.08 (3H, s, COCH3), 2.84 (4H, m, H 2 MUX 3.5 (2H, s, NCH 2 ), 4.42 (1H, dt, 
H4,j = 3Hz, 12 Hz), 7.31 (5H, s, ArH). 

Elution from 7 % ethyl acetate in hexane gave mixture of cis- and trans-4-acetoxy- 1 -b enzyl-3 - 

methylpiperidine. Yield 6.3 g (37 %). Further elution from 20 % ethyl acetate in hexane gave 
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cis-(+)-4-S-acetoxy-l-benzyl-3-R-methylpiperidine. Yield 4.5 g (26%),[a ] D + 22 °, C15H21NO2, 
m/z 248 (M+l), PMR (CDC1 3 ): 0.92 (3H, d, CH 3 , j = 8Hz), 1.84 (2H, m, H 5 ), 2.12 (3H, s, 
COCH3), 2.2 - 2.76 (5H, m, H 2 , H 3 & H), 3.6 2 (2H, s, NCH 2 ), 4.98 (1H, m, H4), 7.36 (5H, s, 
ArH). 

5 Method 2 

A solution of dibenzoyl L~(-)-tartaric acid monohydrate (19.0 g, 50.9 mmole) in ethyl acetate (32 
ml) was added to the stirred solution of trans-4-(RS)-acetoxy-3-(RS)-methylpiperidine (16.0 g, 
101.9 mmole) in ethyl acetate (32 ml). The solid thus separated was filtered, washed with ethyl 
acetate (250 ml) and recrystallized from methanol to give dibenzoyl trans-(-)-4S-acetoxy-3S- 

10 methylpiperidine-L-tartrate. Yield 10.75 g (39.8 %), [a ] D - 60.2°. C26H29NO10, m/z 516 (M+l), 
PMR (D 2 0): 0.92 (3H, d, CH 3 , j - 8Hz), 1.64 (1H, m, H 3 ), 2.05 (3H, s, COCH 3 ), 2.2 (2H, m, 
H 5 ), 2.82 (1H, t, H 2 , j - 12 Hz), 3.08 (1H, dt, H 2 , j = 3 Hz, 12 Hz), 3.4 (2H, m, He), 4.66 (1H, m, 
H4), 5.65 (2H, s, CH), 7.5 (4H, t, ArH, j - 8Hz), 7.65 (2H, t, ArH, j = 8Hz), 8.08 (4H, d, ArH, j 
= 8Hz). 

15 

Dibenzoyl trans-(-)-4S-acetoxy-3S-methylpiperidine-L-tartrate (21.5 g, 41.7 mmole) was 
suspended in ethyl acetate (250 ml) and basified (pH 8.5) with aqueous sodium carbonate 
solution (10 %). Ethyl acetate layer was separated, washed with water, dried (Na 2 S0 4 ) and 
concentrated to dryness to furnish trans-(+)-4S-acetoxy-3S-methylpiperidine as colourless oil. 
20 Yield 6.3 g (95.7 %), [a J D + 24 °, CgHisNCb, m/z 158 (M+l), PMR (CDC1 3 ): 0.94 (3H, d, CH 3 , 
j = 8Hz), 1.42 (1H, m, H 3 ), 1.67 (1H, m, H 5 ), 1.98 (1H, m, H 5 ), 2.08 (3H, s, COCH 3 ), 2.3 (1H, t, 
H 2 , j = 12 Hz), 2.68 (1H, dt, H 2 , j = 3 Hz, 12 Hz), 3.04 (2H, m, He), 4.5 (1H, dt, H4, j = 3 Hz, 12 
Hz). 

Preparatipq 4 

25 Trans-r+^-4S-hvdroxv-3S-methvlpipeodine 

A solution of l-benzyl-trans-(+)-4S-acetoxy-3S-methylpiperidine (6.0 g, 24.2 mmole) in 
aqueous NaOH (10 ml, 10 %) was refluxed for 15 hr, cooled and extracted with ethyl acetate (2 
X 50 ml). The ethyl acetate extract was washed with water, dried (Na 2 S0 4 ) and concentrated to 
30 furnish (-f)-trans- 1 -benzyl- 4S-hydroxy-3S-methylpiperidine as a colourless oil. Yield 4.7 g 
(95.9 %), [a ] D + 0 (c = 1%, methanol solution), Ci 3 Hi 9 NO, m/z 206 (M+l) PMR (CDCI3): 0.98 
(3H, d, CH 3 , j - 8Hz), 1.56-1.8 (3H, m, H 3 & H 5 ), 1.88-2.14 (2H, m, Bel 2.86 (2H, dt, H 2 , j - 3 
Hz, 12 Hz), 3.14 (1H, m, H4), 3.52 (2H, s, N-CH 2 ), 7.3 (5H, m, ArH). 
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A mixture of trans^+)-l-benzyMS-hydn>xy-3S-methyIpiperi (4.7 g, 0.023 mole) and 
palladium hydroxide (1.5 g) in a methanol (25 ml) was stirred at 50-55°C under hydrogen (1 
atmosphere) for 20 hr. The catalyst was filtered ofi, washed with methanol, filtrate and washings 
were concentrated to dryness to give trans-(+)-4S-hydroxy-3S-methylpiperidine as an oil. Yield 
5 2.59 g (98 %), [a ] D + 0 (c - 1%, methanol solution), C^HnNO, m/z 116 (M+l), PMR 
(CD 3 OD): 0.98 (3H, d, CH 3 , j - 8Hz), 1.6 (2H, m, H3 & H 5 ), 2.04 (1H, m, H 5 ), 2.64 (1H, t, H^ j 
= 12 Hz), 2.92 (1H, dt, H*, j = 3 Hz, 12 Hz), 3.28 (3H, nOLt & H*). 

Preparation 5 

10 Trans-f-)-4R-acetoxv-3R-methvlpiperidine 

Method 1 

A solution of l-benzyl-3-methylpiperidin-4-one (15.0 g, 0.073 mole) in dry tetrahydrofiiran (125 
ml) was added to the stirred solution of (+)-diisopinocampheyl borane (20.8 g, 0.075 mole 
{prepared according to the procedure described in H. C.Brown, J.Oig.Chem., 49 (1984), 945}) 

15 in dry tetrahydrofiiran (125 ml) at -78°C over a period of 1 hr under nitrogen atmosphere. The 
stirring was continued for 2 hr at — 78°C and stirring continued for 24 at ambient temperature. 
The resulting stirred borane complex was decomposed with aqueous NaOH solution (10%) and 
hydrogen peroxide (10 ml, 30%) respectively at 0°C over a period of 1 hr. The reaction mixture 
was extracted with ethyl acetate (2 X 100 ml), ethyl acetate extract was washed with brine 

20 solution, dried (Na 2 S04) and concentrated to give a mixture of cis- and trans-l-benzyl-4- 
hydroxy-3-methylpiperidine as oil. Yield 6.9 g (82%), C13H19NO, m/z 206 (M+l). 

Acetic anhydride (4.08 ml, 0.04 mole) was added dropwise to the stirred solution of the obtained 
mixture of cis- / trans- 1 -benzy l-4-hydroxy-3 -methylpiperidine (6.9 g, 0.033 mole) and 4-N,N- 

25 dimethylpyridine (0.05 g) in pyridine (20 ml) at 0 - 5°C. The reaction mixture was stirred for 2 
hr at ambient temperature and concentrated to dryness. The residue thus obtained was dissolved 
in ethyl acetate, washed with water, dried (Na 2 S0 4 ) and concentrated to dryness to furnish a 
mixture of cis- and trans-4-acetoxy-l -benzyl -3-methylpiperidine as oil. The obtained mixture of 
cis and trans 4-acetoxy-l-benzyl-3-methylpiperidine was separated on silica column. Elution 

30 from 5 % ethyl acetate in hexane gave trans-(-)-4-R-acetoxy-l-benzyl-3-R-methylpiperidine. 
Yield 2.12 g (25 %), [a ] D - 13.2 0 (c = 1%, methanol solution), C15H21NO2, m/z 248 (M+l), 
PMR (CDCI3): 0.94 (3H, d, CHb, j = 8Hz), 1.62 (1H, m, H 3 ), 1.78-2.2 (2H, m, H 5 ), 2.08 (3H, s, 
COCH3), 2.84 (4H, m, H 2 fclfc), 3.5 (2H, s, NCH 2 ), 4.42 (1H, dt, H4, j = 3 Hz, 12 Hz), 7.31 (5H, 
s, ArH). 
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Further elution from 10 % ethyl acetate in hexane gave cis-(-)-4-R-acetoxy- 1 -benzy 1-3 -S- 
methylpiperidine. Yield 3.34 g (40 %),[<x ]d~ 6 0 (c = 1%, methanol solution), C15H21NO2, m/z 
248 (M+l), PMR (CDCfe): 0.92 (3H, d, CH3, j = 8Hz), 1.84 (2H, m, H5), 2.12 (3H, s, COCH3), 
2.2 - 2.76 (5H, m, Hfe, H3 & H*), 3.62 (2H, s, NCH2), 4.98 (1H, m, H4), 7.36 (5H, s, ArH). 

5 

Method 2 

A solution of dibenzoyl D-(+)-tartaric acid (18.1 g, 50.9 mmole) in ethyl acetate (32 ml) was 
added to the stirred solution of trans^(R5)-acetoxy-3-(RS>methylpiperidine (16 g, 101.9 
mmole) in ethyl acetate (32 ml). The salt thus separated was filtered, washed with ethyl acetate 

10 (250 ml) and recrystallized from methanol to give dibenzoyl trans-(+)-4R-acetoxy-3R- 
methylpiperidine-D-tartrate. Yield 9.4 g (37.6 %), [a ] D + 59.3 0 (c = 1%, methanol solution), 
C26H29NO10, m/z 516 (M+l), PMR (D 2 0): 0.92 (3H, d, CH3, j = 8Hz), 1.64 (1H, m, H 3 ), 2.05 
(3H, s, COCH3), 2.2 (2H, m, H 5 ), 2.82 (1H, t, H2, j - 12 Hz), 3.08 (1H, dt, H 2 , j = 3 Hz, 12 Hz), 
3.4 (2H, m, H6), 4.66 (1H, m, H4), 5.65 (2H, s, CH), 7.5 (4H, t, ArH, j = 8Hz), 7.65 (2H, t, ArH, 

15 j = 8Hz), 8.08 (4H, d, ArH, j - 8Hz). 

Dibenzoyl trans-(+)-4R-acetoxy-3R-methylpiperidine-D-tartrate (18.8 g, 36.5 mole) was 
suspended in ethyl acetate (250 ml) and basified (pH 8.5) with 10% sodium carbonate solution. 
Ethyl acetate layer was separated, washed with water, dried (Na 2 SC>4) and concentrated to afford 
20 trans-(-)-4R-acetoxy-3R-methylpiperidine. Yield 5.4 g (95.7 %), [a ]d- 12 0 (c = 1%, methanol 
solution), C*Hi 5 N02, m/z 158 (M+l), PMR (CDCI3): 0.94 (3H, d, CH3, j = 8Hz), 1.42 (1H, m, 
H3), 1.67 (1H, m, H 5 ), 1.98 (1H, m, H 5 ), 2.08 (3H, s, COCH3), 2.3 (1H, t, Hz, j - 12 Hz), 2.68 
(1H, dt, H2, j - 3 Hz, 12 Hz), 3.04 (2H, m, He), 4.5 (1H, dt,Hi, j = 3 Hz, 12 Hz). 

25 Preparation 6 

Trans-f->4R"hydroxy'3R-methvlpiperidine 
A solution of trans-(--)-l-benzyl-4R-acetoxy-3R-methylpiperidine (5.4 g, 0.0218 mole) in 
aqueous NaOH (10 ml, 10 %) was refluxed for 15 hr, cooled and extracted with ethyl acetate (2 
X 50 ml). The ethyl acetate extract was washed with water, dried over sodium sulphate, 

30 concentrated to furnish trans-(->l-benzyl-4R-hydroxy-3R-methylpiperidine as coloriess oil. 
Yield 4.1 g (94 %), Ci 3 H 19 NO, m/z 206 (M+l), PMR (CDCI3): 0.98 (3H, d, CH3, j = 8Hz), 1.56- 
1.8 (3H, m,Ha & H 5 ), 1.88-2.14 (2H, m, H<0, 2.86 (2H, dt, H 2 , j = 3 Hz, 12 Hz), 3.14 (1H, m, 
H4), 3.52 (2H, s, N-CH 2 ), 7.3 (5H, m, ArH). 
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A mixture of trans-(-)-benzyMR-hydroxy-3R-methylpiperidiiie (4.1 g, 0.02 mole) and 
palladium hydroxide (1.4 g) in methanol (25 ml) was stirred at 50-55 °C under hydrogen (1 
atmosphere) for 20 hr. The catalyst was filtered off and washed with methanol The filtrate was 
concentrated to dryness to give trans<-)-4R-hydroxy-3R-methylpiperidine as an oil. Yield 2.3g 
5 (98 %), C 6 Hi3NO, m/z 116 (M+l), PMR (CD3OD): 0.98 (3H, d, CH 3 , j = 8Hz), 1.6 (2H, m, H 3 
& H 5 ), 2.04 (1H, m, H 5 ), 2.64 (1H, t, H 2 , j = 12 Hz), 2.92 (1H, dt, H 2 , j = 3 Hz, 12 Hz), 3.28 (3H, 
m, H4 & H$). 

P reparation 7 
Cis-4>fRSVacetoxv-3>fSRVmethvlpiperidine 

10 A mixture of cis-l-benzyl-4-(RS)-acetoxy-3-(SR)-methylpiperidine [7 g, 28.5 mmole {prepared 
according to literature procedure described in A.F.Casy and W.KJeffery, CanJ.Chem., 
50(1972),803}] and 20% palladium hydroxide (1.8 g) in methanol (25 ml) was stirred at 50 - 55 
°C under hydrogen (1 atmosphere) for 20 hr. The catalyst was filtered off and washed with 
methanol. Filtrate was concentrated to give cis-4-(RS>acetoxy-3-(SR)-methylpiperidine as oil. 

15 Yield 4.4 g (99%), CgHisNO* m/z 158 (M+l), PMR (CDCI3): 0.94 (3H, d, CH3, j = 8Hz), 1.42 
(1H, m, H 3 ), 1.67 (1H, m, Hs), 1.98 (1H, m, H 5 ), 2.08 (3H, s, COCH 3 ), 2.31 (1H, t, H 2 , j = 12 
Hz), 2.68 (1H, dt, H 2 , j - 3 Hz, 12 Hz), 3.04 (2H, m, H<>), 4.95 (1H, d, H4, j = 6 Hz). 

Preparation 8 

20 Cis^+V4S-acetoxv-3R-mettivlpiperidme 

A solution of dibenzoyl L-(-)-tartaric acid monohydrate (4.42 g, 11.78 mmole) in ethyl acetate 
(10 ml) was added to the stirred solution of cis-4-(RS)-acetoxy-3-(SR)-methylpiperidine (3.7 g, 
23.56 mole) in ethyl acetate (10 ml). The solid thus separated was filtered, washed with ethyl 
acetate (25 ml) and recrystallized from methanol to give dibenzoyl cis-(-)-4S-acetoxy-3R- 

25 methylpiperidine-L-tartrate. Yield 1.8 g (30 %), [a ] D - 43.8 °. CasHz^NOto, m/z 516 (M+l), 
PMR (D 2 0): 0.94 (3H, d, CH 3 , j = 8Hz), 1.42 (1H, m, H 3 ), 1.67 (1H, m, H 5 ), L98 (1H, m, H 5 ), 
2.08 (3H, s, COCH3), 2.31 (1H, t, H 2 , j = 12 Hz), 2.68 (1H, dt, H 2 , j = 3 Hz, 12 Hz), .3.04 (2H, m, 
H 6 ), 4.95 (1H, m, H4), 5.65 (2H, s, CH), 7.5 (4H, t, ArH, j = 8Hz), 7.65 (2H, t, ArH, j = 8Hz), 
8.08 (4H,d,ArH,j = 8Hz). 

30 

Dibenzoyl cis-(>)-4S-acetoxy-3R-methylpiperidine-L-tartrate (1.8 g, 3.495 mmole) was 

suspended in ethyl acetate (10 ml) and basified (pH 8,5) with 10% sodium carbonate solution. 

Ethyl acetate layer was separated, washed with water, dried (Na 2 S04) and concentrated to 

dryness to furnish cis-(+)-4S-acetoxy-3R-methylpiperidine as colourless oil. Yield 0.5 g (90 %), 
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[a ] D + 22 °, C8H15NO2, m/z 158 (M+l), PMR (CDCI3): 0.94 (3H, d, CH3, j = 8Hz), 1.42 (1H, m, 
H3), 1.67 (1H, m, H 5 ), 1.98 (1H, m, H 5 ), 2.08 (3H, s, COCH3), 2.31 (1H, t, H 2 , j = 12 Hz), 2.68 
(1H, dt, H 2 , j =3 Hz, 12 Hz), 3.04 (2H, v^IU), 4.95 (1H, d, H4, j = 6 Hz). 

5 Preparation 9 

Cis-^V4R-acetoxv-3 S-methvlpiperidine 
A solution of dibenzoyl D-(+)-tartaric acid (4.19 g, 11.78 mmole) in ethyl acetate (10 ml) was 
added to the stirred solution of cis^(RS>acetoxy-3-(SR)-methylpiperidine (3.7 g, 23.56 mole) 
in ethyl acetate (10 ml). The salt thus separated was filtered, washed with ethyl acetate (10 ml) 

to and recrystallized from methanol to give dibenzoyl cis-(+)-4R-acetoxy-3S-methyl piperidine-D- 
tartrale. Yield 1.5 g (25 %), [a ] D + 42 °, CasH^NCho, m/z 516 (M+l), PMR (D 2 0): 0.94 (3H, d, 
CH3, j - 8Hz), 1.42 (1H, m, H3), 1.67 (1H, m, H 3 ), 1.98 (1H, m, H 5 ), 2.08 (3H, s, COCH3), 2.31 
(1H, t, H 2 , j = 12 Hz), 2.68 (1H, dt, H2, j = 3 Hz, 12 Hz), 3.04 (2H, m, H^), 4.95 (1H, m, H4), 
5.65 (2H, s, CH), 7.5 (4H, t, ArH, j = 8Hz), 7.65 (2H, t, ArH, j = 8Hz), 8.08 (4H, d, ArH, j = 

15 8Hz). 

Dibenzoyl ds^+)^R-acetoxy-3S-methylpiperidine-D-tartrate (1.5 g, 2.913 mmole) was 
suspended in ethyl acetate (10 ml) and basified (pH 8.5) with 10% sodium carbonate solution. 
Ethyl acetate layer was separated, washed with water, dried (Na 2 S0 4 ) and concentrated to afford 
20 cis^-HR-acetoxy^S-methylpiperidine. Yield 0.46 g (100 %), [a ] D - 30.5 °, CgHi 5 N0 2 , m/z 
158 (M+l), PMR (CDCb): 0.94 (3H, d, CH3, j = 8Hz), 1.42 (1H, m, H3), 1.67 (1H, m, H 5 ), 1.98 
(1H, m, H 5 ), 2.08 (3H, s, COCH3), 2.3 1 (1H, t, Ha, j = 12 Hz), 2.68 (1H, dt, H 2 , j = 3 Hz, 12 Hz), 
3.04 (2H, m, H^), 4.95 (1H, d, H^, j = 6Hz). 

25 Preparation 10 

4-Hvdroxv-3-trifluoromethvlpiperidine 
l-benzylpiperidin-4-one (12 g, 63.5 mmole) was added to the stirred suspension of sodium 
hydride (3.0 g, 127.0 mmole) in tetrahydrofuran (100 ml) at -5 °C. The reaction mixture was 
stirred for 15 min, trifluoromethyl iodide (25 g, 127.0 mmole) was bubbled over a period of 4hr 

30 at -5 °C and stirring continued for 1 hr. The resulting mixture was stirred for 16 hr at ambient 

temperature, saturated sodium sulphate solution (20 ml) was added and diluted with ethyl acetate 

(200 ml). Ethyl acetate layer was separated, dried (Na 2 S04) and concentrated to furnish crude 

product, which was purified through column chromatography. Elute from hexane afforded 1- 

benzyl-3-trifluoromethylpipOTdin-4-one as oil and 20% ethyl acetate in hexane gave the 
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unreacted l-benzylpiperidin-4-one (9.5 g). Yield 2.1 g (44 %, based on reacted 1-benzyl 
piperidin-4-one), C13H14F3NO, m/z 258 (M+l), PMR (CDCU): 2.54 (2H, m, H*), 3.02 (2H, m, 
H 2 ), 3 .6 (3H, m, H3 & H5), 4.36 (2H, s, N-CH2), 7.28 (SH, m, ArH). 

5 Sodium borohydride (0.6 g, 16.0 mmole) was added to the stirred solution of l-benzyl-3- 
trifluoromethylpip eridin-4-one (2.1 g, 8.2 mmole) in methanol (25 ml) at 0 - 5 °C over a period 
of 5 min, and stirring was continued for 2 hr at ambient temperature. The reaction mixture was 
concentrated to dryness, triturated with water (20 ml) and extracted with chloroform The 
chloroform extract was dried over sodium sulphate and concentrated to dryness to furnish 1- 

10 benzyl^hydroxy-3-trifluoromethylpiperidine as oil. Yield 1.8 g (85 %), Ci3H 16 F 3 NO, m/z 259 
(M+l). 

A mixture of l-ben2yl^hydroxy-3-1rifluoromethylpiperidine (1.8 g, 6.94 mmole and 20% 
palladium hydroxide (0.5 g) in methanol (25 ml) was stirred in hydrogen atmosphere (l.atm.) for 
15 17 hr at 50 0C. Catalyst was filtered ofl^ washed with methanol, filtrate was concentrated to 
dryness to give 4-hydroxy-3 -trifluoromethylpiperidine as oil. Yield 0.7 g (60 %), C6H10F3NO, 
m/z 170 (M+l). 

Preparation 11 
3.3-Dimethvl-4-hvdroxvpiperidine 

20 Sodium borohydride (0.456 g, 12.0 mmole) was added to the stirred solution of l-benzyl-3,3- 
dimethylpiperidin-4-one [{prepared according to literature procedure described in US patent US 
5,846,980} 5.4 g, 24.0 mmole] in methanol (25 ml) at 0 - 5 °C over a period of 15 min, and 
stirring was continued for 30 min The reaction mixture was concentrated to dryness, triturated 
with water (25 ml) and extracted with ethyl acetate (2 X 100 ml). The extract was dried (sodium 

25 sulphate) and concentrated to dryness to furnish l-benzyl-3,3-dimethyl-4-hydroxypiperidine as 
oil. Yield 5.2 g (96 %), C14H21NO, m/z 220 (M+l), PMR (CDCI3): 0.83 (3H, s, CH3), 1.13 (3H, 
s, CH3), 1.29 (1H, m, H 3 ), 1.62-1.9 (2H, m, Ha & H 5 ), 2.14 (1H, m, He), 2.38 (1H, d, H 2 , j = 12 
Hz), 2.8 (1H, m, H*), 3.12 (1H, m, H4), 3.46 (2H, s, N-CEb), 7.3 (5H, m, ArH). 

30 A mixture of l-benzyl-3,3-dimethyl-4-hydroxypiperidine (5.0 g, 22.0 mmole) and 20% 

palladium hydroxide (1,5 g) in methanol (100 ml) was stirred at 50 - 55°C in hydrogen 

atmosphere (1 atm.) for 20 hr. Catalyst was filtered ofi£ washed with methanol, filtrate was 

concentrated to dryness to give 3,3-dimethyl-4-hydroxypiperidine as oil. Yield 2.9 g (94 %), 

C7H l5 NO, m/z 130 (M+l), PMR (CDCI3): 0.83 (3H, s> CHs), 113 (3H, s, CH3), 1.29 (1H, m, 
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H 5 ), 1.45-1.9 (2H, m, Hs & H«), 2.4 (1H, d, Bfe, j - 12 Hz), 2.68 (1H, d, H*, j = 12 Hz), 3.08 (1H, 
m, Bel 3.4 (1H, dd, HU, j = 6Hz & 12 Hz). 

Preparation 12 

3-Ethvl-4-h y^rnvypipe"^^e 

5 Sodium borohydride (0.456 g, 12.0 mmole) was added to the stirred solution of l-benzyl-3 -ethyl 
piperidin-4-one (5.4 g, 24.0 mmole) in methanol (25 ml) at 0 - 5°C over a period of 15 min, and 
stiiring was continued for 30 min at ambient temperature. The reaction mixture was 
concentrated to dryness, triturated with water (25 ml) and extracted with ethyl acetate (2 X 100 
ml). The extract was dried (sodium sulphate) and concentrated to dryness to furnish l-benzyl-3- 
10 ethyl-4-bydroxypiperidine product as oil, which was used as such in the next step. Yield 5.2 g 
(96 %),C 14 H 2 iNO, m/z 220 (M+l). 

A mixture of l-benzyl-3-e*hyl-4-hydroxypiperidine (5.0 g, 22.0 mmole) and palladium 
hydroxide (1.5 g) in methanol (100 ml) was stiunred at 5.0 g, 22.0 mmole) and palladium 
hydroxide (1.5 g) inmethanol (100 ml) was stirred at 50 - 55°C in hydrogen atmosphere (1 atm.) 
for 20 hr. The catalyst was filtered off, washed with methanol, and filtrate was concentated to 
dryness to give 3-ethyl-4-hydroxypiperidine as oil. Yield 2.9 g (94%), C7H15NO, m/z 130 
(M+l). 

Preparation 13 
3.3-Diethvl-4-hydroxvpiperidine 
Sodium borohydride (0.3 g, 8.13 mmole) was added to the stirred solution of l-benzyl-3,3- 
diethylpiperidin-4-one (4.0 g, 16.26 mmole) in methanol (22 ml) at 0 - 5°C over a period of 15 
min, and stirring was continued for 30 min. The reaction mixture was concentrated to dryness, 
triturated with water (25 ml) and extracted with ethyl acetate (2 X 100 ml). The extract was 
dried (sodium sulphate) and concentrated to dryness to furnish l-benzyl-3,3-diethyl-4-hydroxy- 
piperidine as ofl. Yield 3.9 g (97 %), CieHwNO, m/z 248 (M+l). 

A mixture of l-benzyl-3,3-diethyl-4-hydroxypiperidine (3.9 g, 15.85 mmole) and 20% 
palladium hydroxide (1.0 g) in methanol (100 ml) was stirred at 40°C in hydrogen atmosphere 
30 (3.5 atm.) for 6 hr. Catalyst was filtered of£ washed with methanol, filtrate was concentrated to 
dryness to give 3 J 3-diethyl-4-hydroxypiperidine as oil. Yield 1.8 g (73 %), C5H19NO, m/z 158 
(M+l). 

Preparation 14 

3.5-Dimethvl-4-hvdroxypiperidine 
30 
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Sodium borohydride (6.5 g, 0.173 mole) was added to the stirred solution of l-benzyl-3,5- 
dimethylpiperidin-4-one (25.0 g, 0.15 mole) in methanol (200 ml) at 5 - 10°C over a period of 
30 min, and stirring was continued for 30 min at 35°C . The reaction mixture was concentrated 
to dryness, triturated with water (50 ml) and extracted with chloroform (2 X 50 ml). The extract 
5 was dried (Na 2 S0 4 ) and concentrated to dryness to furnish 1 -benzyl-3 , 5-dimethyl-4- 
hydroxypiperidine as oil. Yield 25.0 g (99 %), CuH 2 iNO, m/z 220 (M+l). 

A mixture of 1 -benzyl-3, 5 -dimethyl-4-hydroxypiperidine (1.0 g, 4.56 mmole) and 20% 
palladium hydroxide (0.3 g) in methanol (20 ml) was stirred at room temperature in hydrogen 
10 atmosphere (1 atnx) for 4 hr. Catalyst was filtered ofl^ washed with methanol, filtrate was 
concentrated to dryness to give 3,5-dimethyl-4-hydroxypiperidine. Yield 0.5 g (90 %), 
C 7 Hi 5 NO, m/z 130 (M+l), PMR (CDCfe): 0.9 (6H, m, 2XCH3), 1.44, (1H, m, H3), 1.7 (1H, m, 
H 5 ), 2.3 (1H, m, He), 2.46 - 2.84 (2H, m, H 2 & H*), 2.98 (1H, m, H2), 3.3-3.7 (1H, m, H4). 

15 Preparation 15 

4-Acetoxv-l-benzvl-3.5-dimethvlpiperidine 
A mixture of N-benzyl-4-hydroxy-3,5-dimethylpiperidine (21.9 g, 0.1 mole), acetic anhydride 
(15.3 g), N,N-dimethyl-4-aminopyridine (0.01 g) and pyridine (100 ml) was stirred at 110°C for 
2 hr. The reaction mixture was concentrated to dryness, triturated with water (50 ml) and 

20 extracted with chloroform (2 X 50 ml). The extract was dried (Na 2 S04) and concentrated to 
dryness to furnish a crude mixture of cis- and trans-4-acetoxy- 1 -benzyl-3 , 5-dimethylpiperidine. 
Yield 16 g (61.3%), C16H23NO2, m/z 262 (M+l). 

The obtained mixture of cis- and trans-4-acetoxy- 1 -b enzy 1-3 , 5 -dimethy lpip eridine was separated 
25 by silica column chromatography. Elute from 5% ethyl acetate in hexane gave trans-4-acetoxy- 
l-benzyl-3,5-dimethylpiperidine. Yield 92 g (30.9%), m.p. 43°C, C16H23NQ2, m/z 262 (M+l), 
PMR (CDCI3): 0.88 (6H, d, 2XCH3, j = 6 Hz), 1.68 - 1.92 (4H, m, H2, H3, H5 & Ik), 2.08 (3H, 
s, COCH3), 2.83 (2H, d,H 2 &H6,j = 8 Hz), 3.46 (2H, s, CH 2 -Ar), 4.28 (1H, t, H4, j = 12 H z ), 
7.24 - 7.4 (5H, m, Ph). 

30 

Elute from 10% ethyl acetate in hexane gave cis-4-acetoxy-l-benzyl-3,5-dimethylpiperidine. 

Yield 5.0 g (16.8%), m.p. 48°C ddEfcNCb, m/z 262 (M+l), PMR (CDCfe): 0.78 (6H, d, 2XCH 3 , 

j = 6 Hz), 1 .86 - 2.02 (4H, m, H*, H3, H 5 & He), 2.1 (3H, s, COCH3), 2.55 (2H, d, H 2 & He, j = 8 

Hz), 3.52 (2H, s, CH 2 -Ar), 5.08 (1H, s, H4), 7.21 - 7.4 (5H, m, Ph). 
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Preparation 16 
Trans-3. S-Dimethvl^hvdroxvpiperidine 
The obtained trans-4-acetoxy- 1 -benzyl-3, 5-dimetbylpiperidine (9.2 g, 0.035 mole) was refluxed 
with a mixture of ethanol (10 ml) and aqueous 5 N NaOH (50 ml) for 24 hr, cooled, diluted with 
5 water and extracted with ethyl acetate (2 X 50 ml). 

The extract was washed with water, dried (sodium sulphate), concentrated to furnish trans- 1- 
ben2yl-4-hydroxy-3,5-dimethylpiperidine. Yield 7.72 g (100 %), m.p. 85°C, CuHaiNO, m/z 220 
(M+l), PMR (CDC1 3 ): 0.9 (6H, d, 2XCH3, j = 6 Hz), 1.42 (1H, bs, OH, D2O exchangeable), 1.64 
10 - 1.9 (4H, m, H 2 , H3, Hj & H*), 2.66 (1H, t, H4, j = 12 Hz), 2.81 (2H, d, H 2 & He, j - 8 Hz), 3.44 
(2H, s, CH 2 -Ar), 7.22 - 7.4 (SH, m, Ph). 

A mixture of trans-l-benzyl-3, 5-dimethyl-4-hydroxypiperidine (7.72 g, 0.0353 mole) and 20% 
palladium hydroxide (1.0 g) in methanol (80 ml) was stirred at room temperature in hydrogen 
atmosphere (3 aim.) for 15 hr. Catalyst was filtered ofl; washed with methanol, filtrate was 
concentrated to dryness to give trans-3, 5-dimethyl-4-hydroxypiperidine. Yield 4.54 g (100 %), 
m.p. 120-22°C, C7H15NO, m/z 130 (M+l), PMR (CDCI3): 0.95 (6H, m, 2XCH 3 ), 1.4 -1.7 (4H, 
m, H3, H 5 , NH & OH, 2HD 2 0 exchangeable), 2.3 (2H, m, H2 & H& 2.76 (1H, t, H4, j = 12 H z ), 
3.02(2H,m,H 2 &H6). 

Preparation 17 
Cis-3. 5-Dimethvl-4-hvdroxvpiperidine 
The obtained ds^-acetoxy-l-benzyl-3,5^imethylpiperidine (4.9 g, 0.0188 mole) was refluxed 
with a mixture of ethanol (8 ml) and aqueous 5 N NaOH (40 ml) for 24 hr, cooled, diluted with 
water and extracted with ethyl acetate (2 X 50 ml). The extract was washed with water, dried 
(sodium sulphate), concentrated to furnish ds-l-benzyl^hydroxy-3,5-dimethylpiperidine. Yield 
4. 1 1 g (100 %), m.p. 60°C, Ci4H 2 iNO, m/z 220 (M+l), PMR (CDCI3): 0.9 (6H, d, 2XCH 3 , j = 6 
Hz), 1.64 (1H, bs, OH, D 2 0 exchangeable), 1.8 - 2.05 (4H, m, H2, H3, H5 & Hs), 2.5 (2H, d, H 2 
& He, j - 8 H z ), 3.48 (2H, s, CH 2 -Ar), 3.54 (1H, 1, H4, j - 12 H z ), 7.24 - 7.4 (5H, m, Ph). 

30 A mixture of cis-l-benzyl-3, 5-dimethyl-4-hydroxypiperidine (4.11 g, 0.01877 mole) and 20% 

palladium hydroxide (0.5 g) in methanol (50 ml) was stirred at room temperature in hydrogen 

atmosphere (3 atm.) for 15 hr. Catalyst was filtered ofl^ washed with methanol, filtrate was 

concentrated to dryness to give cis-3,° 5-dimethyl-4-hydroxypiperidine. Yield 2.1 g (86.8 %\ 

m.p. 162-64 °C, C7H15NO, m/z 130 (M+l), PMR (CDC1 3 ): 0.94 (6H, m, 2XCH3), 1.68 - 1.84 
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(2H, m, H3 & H 5 ), 2.5 (2H, m, NH & OH D2O exchangeable), 2.48 - 2.72 (4H, m, H 2 & H*), 
3.62 (lH,s,H4). 

Preparation 18 
3>Ethvl-4-hvdroxv-3-methvlpiperidine 

5 Method 1 

l-Benzyl-3-methyl-piperidin-4-one (50 g, 246 mmole) was added to the stirred suspension of 
sodium hydride (12.0 g, 300.0 mmole) in tetrahydrofuran (500 ml) at ambient temperature and 
stirring was continued for 1 hr. Ethyl iodide (42.5 ml, 520.0 mmole) in dry tetrahydrofuran (100 
ml) was added it at 0-5°C. The resulting mixture stirred at room temperature for 18 hr, water 

10 (100 ml) and ethyl acetate (800 ml) were added respectively. Organic layer was separated, dried 
(Na2S04) and concentrated to give crude product, which was purified through column 
chromatography. Elute from 5% ethyl acetate in hexane afforded 1 -benzyl-3, 5-diethyl-3 - 
methylpiperidin-4-one. Yield 12.0 g (19 %), CnHjsNO, m/z 260 (M+l). 

15 Elution from 10 % ethyl acetate in hexane gave l-benzyl-3-ethyl-3-methylpiperidin-4-one as 
oil, which was used in the next step. Yield 25.0 g (46 %) C15H21NO, m/z 232 (M+l). 

Method 2 

l-Benzyl-3-ethylpiperidin-4-one (2 g, 9.2 mmole) was added to the stirred suspension of 
20 potassium tert-butoxide (1.5 g, 13.3 mmole) in tetrahydrofuran (25 ml) at 0°C. The reaction 
mixture was stirred for 15 min, methyl iodide (2 g, 14.1 mmole) was added over a period of 10 
nun at 0°C and stirring continued for 1 hr. The resulting mixture was stirred for 16 hr at ambient 
temperature, water (25 ml) was added and extracted with ethyl acetate (100 ml). Ethyl acetate 
layer on concentrated furnished l-benzyl-3-ethyl-3-methylpiperid-4-one as oil, which was used 
25 as such in the next step. Yield 1 .5 g (71 %), C15H21NO, m/z 232 (M+l). 

.■ 

Sodium borohydride (0.3 g, 9.0 mmole) was added to the stirred, solution of the l-benzyl-3- 
ethyl-3-methylpiperid-4-one (1.5 g, 6.5 mmole) in methanol (20 ml) at 0 - 5°C over a period of 5 
min, and stirring was continued for 2 hr at ambient temperature. The reaction mixture was 
30 concentrated to dryness, triturated with water (20 ml) and extracted with ethyl acetate (2 X 50 
ml). The extract was dried over sodium sulphate and concentrated to dryness to furnish 1- 
benzyl-3-ethyl-4-hydroxy-3-methylpiperidine product as oil, which was used as such in the next 
step. Yield 1 . 1 g (74 %), C15H23NO, m/z 234 (M+l). 
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A mixture of 1 -benzyl-3 -ethyl-4-hydroxy-3 -methylpiperidine (1.1 g, 4.74 mmole) and 20% 
palladium hydroxide (0.4 g) in methanol (20 ml) was stirred at ambient temperature in hydrogen 
atmosphere (1 aim.) for 20 hr. Catalyst was filtered of£ washed with methanol, filtrate was 
concentrated to dryness to give 3-ethyl-4-hydroxy-3-methylpip«idine as oil. Yield 0.6 g (90 %), 
CgH 17 NO, m/z 144 (M+l), PMR (CDC1 3 ): 0,7-1.06 (6H, m, 2XCH3), 1.24-2.0 (5H, m, CH 2 , H5, 
NH & OH, NH & OH D 2 0 exchangeable), 2.3 (1H, m, H 5 ), 2.62-3. 18 (2H, m, H 2 ), 3.3-3.8 (3H, 
m,H4&H6). 

Preparation 19 
4-Pydro^y-3-p-propylpiperidine 
l-benzylpiperidin-4-one (10 g, 53.0 mmole) was added to the stirred suspension of potassium 
text, butoxide (6.0 g, 54.0 mmole) in tetrahydrofuran (50 ml) at 10°C. The reaction mixture was 
stirred for 15 min, n-propyl iodide (13 g, 76.0 mmole) was added at 10°C. The resulting mixture 
allowed coming at room temperature and stirred for 16 hr and concentrated to dryness. The 
residue was triturated with water, extracted with ethyl acetate, dried (Na 2 S04) and concentrated 
to give a mixture of l-benzyl-3-n-propylpiperidin-4-one and l-benzyl-3,3-n-dipropylpiperidin-4- 
one, which were separated through column chromatography. Elute from 10% ethyl acetate in 
hexane afforded l-benzyl-3-n-propylpiperidin-4-one. Yield 4.0 g (33%), CisH 2 iNO, m/z 232 
<M+1). 

Further elution from 10% ethyl acetate in hexane furnished l-benzyl-3,3-n,n-dipropylpiperidin- 
4-one as oil. Yield 3.1 g (22%), CigH^NO, m/z 274 (M+l). 

Sodium borohydride (0.5 g, 15.6 mmole) was added to the stirred solution of 1 -benzyl-3 -n- 
propylpiperidin-4-one (4.0 g, 17.3 mmole) in methanol (25 ml) at 0 - 5°C over a period of 5 min, 
and stirring was continued for 1 hr at ambient temperature. The reaction mixture was 
concentrated to dryness, triturated with water (20 ml) and extracted with ethyl acetate. The ethyl 
acetate extract was dried (Na 2 S0 4 ) and concentrated to dryness to furnish l-benzyl-4-hydroxy-3- 
n-propylpiperidine as oil. Yield 3.3 g (81 %), QsH^O, m/z 234 (M+l), 

A mixture of l-benzyl-4-hydroxy-3-n-propylpiperidine (3.3 g, 14.16 mmole) and 20% palladium 

hydroxide (0.25 g) in methanol (25 ml) was stirred in hydrogen atmosphere (1 atm.) for 24 hr at 

30°C. Catalyst was filtered off, washed with methanol, filtrate was concentrated to dryness to 

gjve 4-hydroxy-3-n-propylpiperidine as oil. Yield 1.8 g (90 %), CgHnNO, m/z 144 (M+0, PMR 

(CDCb): 0.92 (3H, t, CH 3 , j - 8 Hz), 1.2 - 1.52 (5H, m, 2 X CH 2 & H3), 1.72 (1H, m, H 5 ), 1.94 
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(2H, m, H 5 , & OH, D 2 0 exchangeable), 2.22 (1H; m, H*), 2.62 (1H, m, Hs), 3.12 (1H, m, H 2 ), 
3.3 (1H, m, HsX 3.5 (1H, bs, NH, DjO exchangeable), 3.98 (1H, m, H4). 

Preparation 20 

5 3 .3 -Di-n-propvl-4-hvdroxvpiperiduie 

Sodium borohydride (0.4 g, 10.8 mmole) was added to the stirred solution of l-benzyl-3,3-n,n- 
dipropylpiperidin-4-one (3.1 g, 1 1.35 mmole) in methanol (25 ml) at 0 - 5°C over a period of 15 
min, and stirring was continued for 30 min. The reaction mixture was concentrated to dryness, 
triturated with water (25 ml) and extracted with ethyl acetate (2 X 100 ml). The extract was 

10 dried (sodium sulphate) and concentrated to dryness to furnish l-benzyl-3,3-di-n-propyl-4- 
hydroxy-piperidine as oil. Yield 2.7 g (86 %), CigH^NO, m/z 276 (M+l). 

A mixture of l-benzyl-3,3-di-n-propyl-4-hydroxypiperidine (0.9 g, 3.27 mmole) and 20% 
palladium hydroxide (0.2 g) in methanol (20 ml) was stirred at ambient temperature in hydrogen 
15 atmosphere (1 aim.) for 8 hr. Catalyst was filtered of£ washed with methanol, filtrate was 
concentrated to dryness to give 3 ,3-di-n-propyl-4-hydroxypiperidine as oil. Yield 0.5 g (84 %), 
CtiHoaNO, m/z 186 (M+l). 

Preparation 21 
4-Hydroxy-3-isopropylpiperidine 

20 l-benzylpiperidin-4-one (10 g, 53.0 mmole) was added to the stirred suspension of potassium 
tert butoxide (6.0 g, 54.0 mmole) in tetrahydrofuran (50 ml) at 10°C. The reaction mixture was 
stirred for 15 min, isopropyl iodide (10 g, 54.0 mmole) was added at 10°C. The resulting 
mixture allowed coming at room temperature and stirred for 16 hr, refluxed for 3 hr and 
concentrated to dryness. The residue was triturated with water, extracted with ethyl acetate, 

25 dried (Na 2 SC>4) and concentrated to give crude product, which was purified through column 
chromatography. Elute from 10% ethyl acetate in hexane afforded l-benzyl-3-isopropylpiperid- 
4-one. Yield 3.3 g (28 %), CisH 2 iNO, m/z 232 (M+l). 

Sodium borohydride (0.5 g, 15.6 mmole) was added to the stirred solution of l-benzyl-3- 
30 isopropylpiperid-4-one (3.3 g, 14.2 mmole) in methanol (25 ml) at 0 - 5°C over a period of 5 
min, and stirring was continued for 1 hr at ambient temperature. The reaction mixture was 
concentrated to dryness, triturated with water (20 ml) and extracted with ethyl acetate. The ethyl 
acetate extract was dried (Na 2 S04) and concentrated to dryness to furnish l-benzyl-4-hydroxy-3~ 
isdpropylpiperidine as oil. Yield 2.9 g (85 %), C15H23NO, m/z 234 (M+l). 
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A mixture of 1 -b enzy l-4-hydroxy-3 -isopropylpiperi dine (2.9 ^g, 12w44 mmole) and 20% 
palladium hydroxide (0.25 g) in methanol (25 ml) was stirred in hydrogen atmosphere (1 atm.) 
for 24 hr at 30 0C. Catalyst was filtered off, washed with methanol, filtrate was concentrated to 
dryness to give 4-hydroxy-3-isopropylpiperidine as oil. Yield 1.6 g (80 %), C8H17NO, m/z 144 
5 (M+l) PMR (CDC13): 0.9 (6H, m, 2 X CH3), 1.1 - 1.64 (2H, m, CH & H3), 1.66 - 2.42 (3H, m, 
H5, & OH, D20 exchangeable), 2.62 (1H, m, H2), 3.02 (2H, m, H6), 3.45 (1H, bs, NH, D20 
exchangeable), 3.54 (1H, m, H6), 4.18 (1H, m, H4). 

Preparation 22 

10 3 -n-Butyl-4-hvdroxvpiperidine 

1 -benzylpiperidin-4-one (10 g, 53.0 mmole) was added to the stirred suspension of potassium 
tert butoxide (6.0 g, 54.0 mmole) in tetrahydrofuran (50 ml) at 10°C. The reaction mixture was 
stirred for 15 min, n-butyl iodide (13 g, 70.6 mmole) was added at 10°C. The resulting mixture 
allowed coming at room temperature and stirred for 48 hr and concentrated to dryness. The 

15 residue was triturated with water, extracted with ethyl acetate, dried (Na2SC>4) and concentrated 
to give a mixture of l-benzyl-3-n-butylpiperidin-4-one and l-benzyl-3,3-n,n-dibutylpiperidin-4- 
one, which were separated through column chromatography. Elute from 10% ethyl acetate in 
hexane afforded 14>enzyl-3-n-butyIpiperidin-4-one. Yield 2.8 g (22%), CieBfeNO, m/z 246 
(M+l). 

20 

Further elution from 10% ethyl acetate in hexane furnished l-benzyl-3,3-n^i-dibutylpiperidin-4- 
one as oil. Yield 3.8 g (28%), C20H31NO, m/z 302 (M+l). 

Sodium borohydride (0.4 g, 12.2 mmole) was added to the stirred solution of l-benzyl-3-n- 
25 butylpiperidin-4-one (2.8 g, 9.3 mmole) in methanol (20 ml) at 0 - 5°C over a period of 5 min, 
and stirring was continued for 1 hr at ambient temperature. The reaction mixture was 
concentrated to dryness, triturated with water (20 ml) and extracted with ethyl acetate. The ethyl 
acetate extract was dried (Na 2 SC>4) and concentrated to dryness to furnish l-benzyl-3-n-butyM- 
hydroxypiperidine as oil. Yield 2.5 g (86 %), CisHbNO, m/z 248 (M+l). 

30 

A mixture of l-benzyl-3-n-butyl-4-hydroxypiperidine (2.5 g, 10.0 mmole) and 20% palladium 

hydroxide (0.2 g) in methanol (25 ml) was stirred in hydrogen atmosphere (1 atm.) for 24 hr at 

30 0C Catalyst was filtered of£ washed with methanol, filtrate was concentrated to dryness to 

give 3-n-butyl^-hydroxypiperidine as oiL Yield 1.4 g (87 %), C9H19NO, m/z 158 (M+l) PMR 
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(CDCB): 0.94 (3H, t, CH3, j = 8 Hz), 1.04 - 1.54 (7H, m, 3 X CH2 & H3), 1.74 (1H, m, H5), 
1.98 (2H, m, H5, & OH, D20 exchangeable), 2.22 (1H, m, H2), 2.7 (1H, m, H6), 3.12 (1H, m, 
H2), 3.3 (1H, m, H6), 3.46 (1H, bs, NH, D20 exchangeable), 3.98 (1H, m, H4). 



Sodium borohydride (0.5 g, 15.6 mmole) was added to the stirred solution of l-benzyl-3,3-n,i*- 
dibutylpiperidin-4-one (3.8 g, 12.6 mmole) in methanol (25 ml) at 0 - 5°C over a period of 15 
min, and stirring was continued for 30 min. The reaction mixture was concentrated to dryness, 
10 triturated with water (25 ml) and extracted with ethyl acetate (2 X 100 ml). The extract was 
dried (sodium sulphate) and concentrated to dryness to furnish l-benzyl-3,3-di-n-butyl-4- 
hydroxy-piperidine as oil. Yield 3.0 g (78 %), C20H33NO, m/z 304 (M+l). 

A mixture of l-benzyl-3,3-di-n-butyl-4-hydroxypiperidine (0.9 g, 2.97 mmole) and 20% 
15 palladium hydroxide (0.2 g) in methanol (20 ml) was stirred at ambient temperature in hydrogen 
atmosphere (1 atm.) for 8 hr. Catalyst was filtered oS, washed with methanol, filtrate was 
concentrated to dryness to give 3 ,3-di-n-butyl-4-hydroxypiperidine as oil. Yield 0.5 g (85 %), 
Ci^NO, m/z 214 (M+l). 



l-benzylpiperidin-4-one (10 g, 53.0 mmole) was added to the stirred suspension of potassium 
tert butoxide (7.0 g, 59.0 mmole) in tetxahydrofuran (50 ml) at 10°C. The reaction mixture was 
stirred for 15 min, isobutyl iodide (10.0 g, 54.0 mmole) was added at 10°C. The resulting 
mixture stirred for 16 hr at room temperature, refluxed for 3 hr and concentrated to dryness. The 
15 residue was triturated with water, extracted with ethyl acetate, dried (Na 2 S04) and concentrated 
to give crude product, which was purified through column chromatography. Elute from 10% 
ethyl acetate in hexane afforded l-benzyl-3-isobutylpipeidin-4one. Yield 1.0 g (9 %), 
C16H23NO, m/z 246 (M+l). 

30 Sodium borohydride (0.3 g, 9.0 mmole) was added to the stirred solution of l-benzyl-3- 
isobutylpiperidin-4-one (1.0 g, 4.0 mmole) in methanol (10 ml) at 0 - 5°C over a period of 5 
min, and stirring was continued for 1 hr at ambient temperature. The reaction mixture was 
concentrated to dryness, triturated with water (20 ml) and extracted with ethyl acetate. The ethyl 



5 



Preparation 23 
3 J-Di-n-butvl-4-hvdroxypipmdine 



10 



Preparation 24 
4-Hvdroxv-3-isobutvlpiperidine 
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acetate extract was dried (Na2S04> and concentrated to dryness to furnish 1 -benzyl-4-hydroxy-3 - 
isobutylpiperidine as oil. Yield 0.63 g (54 %), CigHfeNO, m/z 248 (M+l). 

A mixture of l-benzyl-4-hydroxy-3-isobutylpiperidine (0.63 g, 2.5 mmole) and 20% palladium 
5 hydroxide (0.1 g) in methanol (20 ml) was stirred in hydrogen atmosphere (1 atm.) for 48 hr at 
35 0C. Catalyst was filtered off, washed with methanol, filtrate was concentrated to dryness to 
give 4-hydroxy.3-isobutylpiperidine as oiL Yield 0.35 g (91 %), C9H19NO, m/z 158 (M+l). 

Preparation 25 

10 3-Benzyl-4-hydroxvpiperidine 

l-Benzylpiperidin-4-one (10 g, 53.0 mmole) was added to the stirred suspension of sodium 
hydride (1.8 g, 53.0 mmole) in tetrahydrofuran (50 ml) at 10°C. The reaction mixture was 
stirred for 15 min, benzyl bromide (9.0 g, 53.0 mmole) was added at 10°C. The resulting 
mixture stirred at room temperature for 4 hr and concentrated to dryness. The residue was 

15 triturated with water, extracted with ethyl acetate, dried (Na2S0 4 ) and concentrated to give crude 
product, which was purified through column chromatography. Elute from 10% ethyl acetate in 
hexane afforded l,3-dibenzylpiperidin-4-one. Yield 1.8 g (13 %), CisJfeiNO, m/z 280 (M+l), 
PMR (CDCk): 2.22 - 2.62 (4H, m, H 2 & H*), 2.86 (2H, m, H 5 ), 3.2 (1H, dd, Ha, j - 12 Hz), 3.45 
(2H, m, CHfeAr), 3.68 (2H, m, N-CHjAr), 7.1 - 7.4 (10H, m, ArH). 

20 

Sodium borohydride (0.3 g, 9.0 mmole) was added to the stirred solution of 1,3- 
dibenzylpiperidin-4-one (1.8 g, 6.45 mmole) in methanol (25 ml) at 0 - 5°C over a period of 5 
min, and stirring was continued for 1 hr at ambient temperature. The reaction mixture was 
concentrated to dryness, triturated with water (20 ml) and extracted with ethyl acetate. The ethyl 
25 acetate extract was dried (Na 2 S0 4 ) and concentrated to dryness to furnish l,3-dibenzyl-4- 
hydroxypiperidine as oil. Yield 1.7 g (91 %), CisdHfoNO, m/z 282 (IV4R-1). 

A mixture of l,3-dibenzyl-4-hydroxypiperidine (1.7 g, 6.0 mmole) and 20% palladium 

hydroxide (0.3 g) in methanol (20 ml) was stirred in hydrogen atmosphere (1 atm.) for 12 hr at 

30 35°C. Catalyst was filtered of£ washed with methanol, filtrate was concentrated to dryness to 

give 4-hydroxy-3-benzylpiperidine as oil. Yield 1.0 g (91 %), C12H17NO, m/z 192 (M+l) 

PMR (CDC13): 1.66 (1H, m, H3), 1.94 (1H, m, H5), 2.26 (2H, m, H5, & OH, D20 

exchangeable), 2.62 (1H, m, H2), 2.74 (1H, m, H6), 3.02 (1H, m, H2), 3.34 (1H, m, H6), 3.52 

(1H, bs, NH, D20 exchangeable), 3.9 (1H, m, H4), 4.74 (2H, m, CH2-Ar), 7.28 (5H, m, ArH). 
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Preparation 26 
3>t-Butoxvcarfaonvlammomethvl^hvdroxvpiperidine 
A mixture of ethyl 3-(N-benzyIainino)propionate (5.0 g, 24.15 mmole) and acrylonitrile (1.473 
g, 27.77 mmole) was heated at 90°C for 24 hr, concentrated in vacuum to remove unreacted 
5 reagents to furnish ethyl 3-(N-benzyl amino-N-cyanoethyl) propionate as viscous oil. Yield 6.1 g 
(97%), C15H20N2O2, m/z 261 (M+l), PMR (CDCI3): 1.26 (3H, t, CHb, J = 8Hz), 2.32 - 2.62 (4H, 
m, 2 X CH 2 ), 2.74 - 3.0 (4H, m, 2 XNCft), 3.65 (2H, s, CHa-Ar), 4.15 (2H, q, OCH 2 , J = 8Hz), 
7.32 (5H, m, ArH). 

10 A solution of ethyl 3-(N-benzylamino-N-cyanoethyl)propionate (7.5 g, 28.85 irimole) in dry 
xylene (20 ml) was added dropwise to the stirred suspension of sodium hydride (1 .384 g) in dry 
xylene (40 ml). The resulting mixture was stined at 120°C for 2 hr, cooled at 5°C, acidified with 
Cone. HC1 (pH 2) and extracted with ethyl acetate. Ethyl extract was concentrated to give 1- 
benzyl-3-cyanopiperidin-4-one. Yield 6.0 g (97 %), Ci3H 14 N 2 0, m/z 215 (M+l). 

15 

Sodium borohydride (0.89 g, 23.37 mmole) was added to the stirred solution of l-benzyl-3- 
cyanopiperidin-4-one (2.5 g, 11.68 mmole) in ethanol (125 ml) at 0°C over a period of 30 min, 
and stirring was continued for 2 hr at 5°C. The reaction mixture was concentrated to dryness, 
triturated with water (20 ml) and extracted with ethyl acetate. The extract was concentrated to 
20 dryness to furnish 1 -benzyl-3 -cyano-4-hydroxypiperidine product as oil. Yield 1.85 g (73 %) 
C13H16N2O, m/z 217 (M+l), PMR (CDCI3): 1.78 (2H, m, H 5 ), 2.22 (1H, m, H3), 2.6 - 3.12 (4H, 
m, H 2 & He), 3.58 (1H, m, H4), 3.65 (2H, s, CH 2 -Ar), 7.32 (5H, s, ArH). 

A mixture of 1 -benzyl-3 -cyano-4-hydroxypiperidine (2.3 g, 10.64 mmole) and lithium aluminum 
25 hydride (0.6 g, 15.97 mmole) in dry tetrahydrofuran (50 ml) was refluxed for 2 hr. The reaction 
mixture was cooled at 5°C and quenched with water, aqueous NaOH (10 %) and filtered. 
Filtrate was concentrated to dryness to afford crude 3 -aminomethyl- 1 -b enzy 1-4- 
hydroxypiperidine. Yield 2.1 g (89.6 %) C13H20N2O, m/z 221 (MH), PMR (CDC1 3 ): 1.1-1.9 
(3H, m, H 3 & H 5 ), 2.1 (1H, m, He), 2.82 (2H, m, H 2 ), 3.4 - 3.96 (3H, m, He & CH 2 NH 2 ), 4.16 
30 (1H, m, H4), 4.84 (2H, s, N-CHiAr), 7.34 (5H, m, ArH). 

Di-t-butoxy carbonate (2.5 g, 11.45 mmole) was added to the stirred solution of crude 3- 
aminomethyl-l-ben2yl-4-hydroxypiperidine (2.1 g, 9.55 mmole) in a mixture of dioxane - water 



39 



WO 01/85728 



PCT/IN01/00100 



(80 ml; 2:1) at ambient temperature. The reaction mixture was stirred for 2 hr, concentrated in 
vacuum to dryness to give 14>enzyl-3-t4wtoxycarbonylaminomethyl^ 
Yield 2.5 g (82 %), CigH^Os, m/z 321 (M+l). 

5 A mixture of 1 -beroyl-3-t-butoxycarbonylaim^ (2.0 g, 6.25 

mmole) and 5% palladium on carbon (0.4 g) in methanol (30 ml) was stirred at ambient • 
temperature in hydrogen atmosphere (1 atm.) for 8 hr. The catalyst was filtered of£ washed with 
methanol, and filtrate was concentrated to dryness to afford 3 -t-butoxyaminomethy 1-4- 
hydroxypiperidine as oil. Yield 0.8 g (56 %), C11H22N2O3, m/z 231 (M+l), PMR (CDC1 3 ): 1.4 

10 (9H, S, 3 X CH 3 ), 1.6 - 2.08 (3H, m, H 3 & H5), 2.14 - 3.70 (6H, m, H 2 , H* & NCH 2 ), 3.9 (1H, 
m, H4), 5.02 (3H, bs, 2 X NH & OH, D 2 0 exchangeable). 

Preparation 27 
3 -FIuoro-4-h vdroxypiperidine 
15 Chlorotrimethylsilane (34 ml, 247 mmole) and dry Et 3 N (34 ml, 247 mmole) were added 
dropwise respectively to the stirred solution of l-t-butoxycarbonylpiperidin-4-one (20 g, 100.5 
mmole) in dry N,N-dimethyl formamide (40 ml) under nitrogen. The reaction mixture was 
stirred at 80°C for 26 hr under nitrogen. The reaction mixture was diluted with hexane (120 ml) 
and washed with cold saturated aqueous NaHCCh (3 x 50 ml) solution. The oiganic layer was 
20 dried (Na 2 S04) and concentrated to give l-t-butoxycarbonylpiperidine-4-silylenol ether as an oil. 
Yield 24.57 g (90%). 

(Selectfluor™ reagent, 14.36 g, 40.59 mmole) was added dropwise to the stirred solution of 1-t- 
butoxycarbonylpiperdine-4-silylenol ether (10 g, 36.9 mmole) in dry acetonitrile (300 ml) under 
25 nitrogen over a period of 1 hr. The reaction mixture was diluted with ethyl acetate (800 ml), 
washed with 50% aqueous NaCl solution (300 ml), saturated NaCl solution (200 ml), dried 
(Na 2 S0 4 ) and concentrated. The obtained crude compound was purified by on silica gel column 
chromatography, elute from a mixture of hexane and ethyl acetate (5:1) furnished 1-t- 
butoxycarbony-3-fluoropiperidin-4-one. 

30 

Sodium borohydride (0.4 g, 10.78 mmole) was added to the stirred solution of 1-t- 
butoxycarbony-3-fluoropiperidin-4-one (3.8 g, 17.69 mmole) in methanol (125 ml) at 0°C over a 
period of 15 min, and stirring was continued for 2 hr at 25°C. The reaction mixture was 
concentrated to dryness, triturated with water (20 ml) and extracted with ethyl acetate. Ethyl 
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acetate extract was washed with brine solution, water, dried (Na 2 S0 4 ) and concentrated to 
dryness. The obtained crude product was purified on silica gel column chromatography, elute 
from a mixture of hexane and ethyl acetate (4:1) fiirnished a mixture of two distereomeric 1-t- 
butoxycarbony-3-fluoro-4-hydroxypiperidine (2.5:1) as oil Yield 3.2 g. 

Trifluoroacetic acid (10 ml) was added dropwise to the stirred solution of the above obtained 
mixture of two distereomeric l-t-butoxycarbony-3-fluorc^-hydroxypiperidine (2.4 g, 10.95 
mmole) in dichloromethane (7 ml) at 0 °C over a period of 15 min. The reaction mixture was 
stirred at ambient temperature for 1 hr, concentrated to dryness in vacuum, methanol (2 ml) was 
added and again dried in vacuum. The residue was dissolved in aqueous 10% NaOH solution 
(10 ml) and extracted with ethyl acetate (3 X 50 ml). Ethyl acetate extract was washed with 
water dried (Na 2 S0 4 ) and concentrated to give quantitatively 3-fluoro-4-hydroxypiperidine. 
C5H10FNO, m/z 120 (M+l). 

Preparation 28 
4~Hvdroxv-3-methvl-4-trifluoromethvlpiperidine 
Dry tetrahydrofuran (20 ml) was added to a stirred mixture of l-benzyl-3-methylpiperidin-4-one 
(4 g, 19.7 mmole) and (Trifluoromethyl) trimethylsilane (3.35 g, 23.64 mmole) at 0°C and 
stirred for 5 min. Tetrabutyl ammonium fluoride (0.05 g) was added to it at 0°C and stirred for 
another 30 min at 0°C. The reaction mixture was allowed to warm to room temperature, stirred 
for 3 hr, acidified with 2N HC1 to pH 2 and extracted with ether (3 X 50 ml). Ether extract was 
dried (Na 2 S0 4 ) and concentrated in vacuum to give l-benzyl-3 -methyl-4-hydroxy-4- 
trifluoromethylpiperidine. Yield 5.1 g (95 %), ChHisFsNO, m/z 274 (M+l). 

A mixture of l-benzyM-hydroxy-3-methyl^trifluoromethylpiperidine (5.1 g, 18.68 mmole) 
and 20% palladium hydroxide (1 g) in methanol (100 ml) was stirred in hydrogen atmosphere (1 
atm.) for 12 hr at 35°C. Catalyst was filtered ofl; washed with methanol, filtrate was 
concentrated to dryness to give 4-hydroxy-3-methyl-4-trifluoromethyl-piperidine as oil. Yield 
3.4 g (99 %), C7H12F3NO, m/z 184 (M+l) 

Preparation 29 
^■Hydrpxy^^^-trimethYlpiperidine 
Sodium borohydride (0.2 g, 5.26 mmole) was added to the stirred solution of l-benzyl-3,3,5- 
trimethylpiperidin-4-one (2.0 g, 8.73 mmole) in methanol (25 ml) at 0 - 5°C over a period of 5 
min, and stirring was continued for 1 hr at ambient temperature. The reaction mixture was 

concentrated to dryness, triturated with water (20 ml) and extracted with ethyl acetate. The ethyl 
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acetate extract was dried (Na 2 S0 4 ) and concentrated to dryness to furnish l-benzyl-4-hydroxy- 
3,3,5-trimethylpiperidine as oil Yield 1.9 g (91 %), C15H23NO, m/z 234 (M+l). 

A mixture of l-benzyl^hydroxy-3,3,5-trimethylpiperidine (1.9 g, 8.15 mmole) and 20% 
palladium hydroxide (0.2 g) in methanol (20 ml) was stirred in hydrogen atmosphere (1 atm.) for 
48 hr at 35°C. Catalyst was filtered of£ washed with methanol, filtrate was concentrated to 
dryness to give 4-hydroxy-3,3,5-trimethylpiperidine as oil. Yield 1.0 g (87 %), C^H^NO, m/z 
144 (M+l). 

Pre paration 30 
3.5-Dimethvl-3->ethyl-4-hvdroxvpiperidine 
l-Benzyl-3-ethyl-piperidin-4-one (33 g, 152.0 mmole) was added to the stirred suspension of 
sodium hydride (9.5 g, 200.0 mmole) in tetrahydrofiiran (300 ml) at 32°C and stirring was 
continued for 1 hr. Methyl iodide (30 ml, 490.0 mmole) in dry tetrahydrofiiran (100 ml) was 
added it at 0-5°C. The resulting mixture stirred at room temperature for 4 hr, water (100 ml) and 
ethyl acetate (800 ml) were added respectively. Organic layer was separated, dried (Na 2 S0 4 ) 
and concentrated to give crude product, which was purified through column chromatography. 
Elute from 10% ethyl acetate in hexane afforded l-benzyl-3,5-dimethyl-3-ethylpiperidin-4-one. 
Yield 22.0 g (59 %), CisHbNO, m/z 246 (M+l). 

Sodium borohydride (0.8 g, 21.0 mmole) was added to the stirred solution of l-benzyl-3,5- 
dimethyl-3 -ethylpiperidin-4-one (3.0 g, 12.25 mmole) in methanol (10 ml) at 0 - 5°C over a 
period of 5 min, and stirring was continued for 1 hr at ambient temperature. The reaction 
mixture was concentrated to dryness, triturated with water (20 ml) and extracted with ethyl 
acetate. The ethyl acetate extract was dried (Na 2 S0 4 ) and concentrated to dryness to furnish 1- 
benzyl-3,5-dimethyl-3-^yl-4-hydroxypiperidine as oil. Yield 2.9 g (96 %), CisHbsNO, m/z 
248 (M+l). 

A mixture of l-benzyl-3,5-dimethyl-3^thyl^hydroxypiperidine (2.9 g, 11.74 mmole) and 20% 
palladium hydroxide (0.5 g) in methanol (20 ml) was stirred in hydrogen atmosphere (1 atm.) for 
8 hr at 35°C. Catalyst was filtered of£ washed with methanol, filtrate was concentrated to 
dryness to give 3,5-dimethyl-3-ethyl-4-hydroxypiperidine as oil. Yield 1.7 g (93 %), C9H19NO, 
m/z 158 (M+l). 
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Preparation 31 
3 . 5 -Di ethvl-4-hvdroxv-3 -methvlpiperidine 
Sodium borohydride (0.18 g, 4.8 mmole) was added to the stirred solution of l-benzyl-3,5- 
diethyl-3-methylpiperidin-4-one (2.0 g, 7.72 mmole) in methanol (20 ml) at 0 - 5°C over a 
5 period of 5 min, and stirring was continued for 1 hr at ambient temperature. The reaction 
mixture was concentrated to dryness, triturated with water (20 ml) and extracted with ethyl 
acetate. The ethyl acetate extract was dried (Na 2 SC>4) and concentrated to dryness to furnish 1- 
benzyl-3,5^ethyl-4-hydroxy-3-methylpiperidine as oil. Yield 1.8 g (89 %), CnHWNO, m/z 
262 (M+l). 

10 

A mixture of l-benzyl-3,5-diethyl-4-hydroxy-3-methylpiperidine (1.8 g, 6.89 mmole) and 20% 
palladium hydroxide (0.2 g) in methanol (20 ml) was stirred in hydrogen atmosphere (4 atm.) for 
3 hr at 45°C. Catalyst was filtered o££ washed with methanol, filtrate was concentrated to give 
3,5-diethyl-4-hydroxy-3-methylpiperidine as oil. Yield 1.1 g (94 %), C12H21NO, m/z 172 
15 (M+l). 

Example 1 

S-(-V9-fluoro-6,7-dihvdro-844^ 

lBL5H-benzo[i.j1quinoli2ine-2-carboxylic acid 
A mixture of (0-B)-diacetoxy-{S-(->8,9-difluoro-5-methyl^,7^hydro-5-methyl-l-oxo-l^ 

20 5H-benzo[y]quinolizine-2-caiboxy}borane (0.0558 g, 0.2 mmole), 4-hydroxy-4- 
trifluoromethylpiperidine (0.0303 g, 0.3 mmole) and triethylamine (0.0303 g, 0.3 mmole) in 
DMSO (2 ml) was stirred at 120°C for 20 hr, concentrated to dryness in vacuum. The obtained 
residue was stirred with water and filtered. The precipitate was dissolved IN NaOH and 
reprecipitated with Cone. HC1. The obtained crude product was purified by preparative HPLC. 

25 Yield 0.07 g (80 %), m.p. 220-24 °C, QAoRAfeO* m/z 429 (M+l), PMR (CDCI3): 1.5 (3H, d, 
CH3, J = 6 Hz), 1.57 - 2.28 (6H, m, H 5 <, H3' & H*), 2.64 - 3.6 (6H, m, H 2 <, & H 7 ), 4.56 (1H, 
m, Hs), 8.02 (1H, d, H10, J = 16.5 Hz), 8.70 (1H, s, H3), 15.1 (1H, bs, COOH, P2O 
exchangeable). 

Example 2 

30 S-(-)-9-fluoro-6.7-dihvdr^ 

benzop < j]qiiino1i7i ne-2-carboxvlic acid 
A mixture of (0-B)-diacetoxy-{S^->8,9Klifl^ 

5H-benzo[ij]quinolizine-2-carboxy}borane (0.325 g, 0.8 mmole), 44iy droxy-3 -methyl 
piperidine (0.45 g, 3.91 mmole) and acetonitrile (15 ml) was heated at 90 0C for 22 hr, 
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concentrated to dryness in vacuum. The obtained residue was stirred with aqueous NaOH (3.5%, 
15ml) solution for 1.5 hr, acidified with Cone. HC1, and extracted with ethyl acetate (25 ml x 2). 
Organic layer was dried over sodium sulphate and concentrated to give crude product, which 
was purified by preparative HPLC. Yield 0.24 g (80 %), m.p. 164-66 0C, C20H23FN2O4, m/z 
5 375 (M+l), [<x]D25 - 261 .4 0(c = 1 %, methanol solution). 

Example 3 

S-(-V9-fhaoro-6.7-dihvdiTK8-{ 

oxO"lR5H-benzofvnq i " nnl ^ Tie -2-carboxylic acid 
It was prepared in a similar manner as described in example 2, where trans-4-(RS)-hydroxy-3 - 
10 (RS)-methylpiperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.8 g (89.6%), 
m.p. 184-86 °C, [a] D 25 - 274 °(c= 1 %, methanol solution), QoH*FN 2 0 4 , m/z 375 (M+l), PMR 
(CDCfe): 1.06 (3H, d, CH 3 , J - 6 Hz), 1.54 (3H, d, CH3, J = 7 Hz), 1.57 - 2.28 (5H, m, Hy, H 3 ' 
& H«), 2.64 - 3.6 (7H, m, H 2S H^, H* & H 7 ), 4.56 (1H, m, H5), 8.02 (1H, d, H, 0 , J = 16.5 Hz), 
8.70 (1H, s, H3), 15.06 (1H, bs, COOH, D 2 0 exchangeable). 
15 Example 4 

S-(0-9-fluoro-6«7-dfoydrr>-*H 

oxcHlH.5H-benzo[ij]quinolizine-2-<^rboxvlic acid 
Method A 

Condensation was carried similarly as described in Example 2, where trans-(+)-4-S-acetoxy-3-S- 
20 methylpiperidine was used in place of 4-hydroxy-3-methylpiperidine. The obtained residue was 
stirred with aqueous NaOH (3.5%, 25ml) solution for 2 hr at 50°C, acidified with cone. HC1, and 
extracted with ethyl acetate. Organic layer was dried (Na 2 SO,*) and concentrated-to give crude 
product, which was purified by column chromatography. Yield 3.8 g (33 %), m.p. 214-18 °C, 
[ct] D 25 - 288.8 0 (c = 1 %, methanol solution), C 2 oH 23 FN 2 0 4 , m/z 375 (M+l), PMR (CDC1 3 ): 
25 1.06 (3H, d, CH3, J = 6 Hz), 1.54 (3H, d, CH3, J = 7 Hz), 1.57 - 2.28 (5H, m, Hy, H 3 < & H*), 
2.64 - 3.6 (7H, m, Has fifes H* & H 7 ), 4.56 (1H, m, H 5 ), 8.02 (1H, d, H10, J= 16.5 Hz), 8.70 (1H, 
s, H3), 15.06 (1H, bs, COOH, D2O exchangeable). 

Method B 

It was prepared in a similar manner as described example 2, where trans-(+)-4-S-hydroxy-3-S- 
30 methylpiperidine was used in place of 4-hydroxy-3 -methylpiperidine. Yield 1.05 g (45 %), m.p. 
214-18 °C, [afo 25 - 288.8 °(c = 1 %, methanol solution), C 20 H 23 FN 2 O 4 , m/z 375 (M+l). 
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Examples 

S-(-V9-fluoro-6 r 7-dihydro-8-{1rans^ 

lHL5H-benzo[i j]quinolizine-2-<2uboxvlic acid 
Method A 

Condensation was carried similarly as described in example 2, where trans-(-}-4-R-acetoxy-3 -R- 
methylpiperidine was used in place of 4-hydroxy-3-methylpiperidine. The obtained residue was 
stirred with aqueous NaOH (3.5%, 25ml) solution for 2 hr at 50°C, acidified with cone. HC1, and 
extracted with ethyl acetate. Organic layer was dried (Na 2 S0 4 ) and concentrated to give crude 
product, which was purified by column chromatography. Yield 5.8 g (36 %), m.p. 216-18 °C, 
Md 25 - 281 0 (c = 1 %, methanol solution), C20H23FN2O4, m/z 375 (M+l), PMR(CDC1 3 ): 1.06 
(3H, d, CH3, J = 6 Hz), 1.54 (3H, d, CH3, J = 7 Hz), 1.57 -2.28 (5H, m, Hy, Hy & H*), 2.64 - 
3.6 (7H, m, H 2S H*, H* & H 7 ), 4.56 (1H, m, H5), 8.02 (1H, d, H w , J = 16.5 Hz\ 8.70 (1H, s, H3), 
15.06 (1H, bs, COOH, D2O exchangeable). 

Method B 

It was prepared in a similar manner as described in example 2, where trans-(-)-4-R-hydroxy-3- 
R-methylpiperidine was used in place of 4-hydroxy-3 -methylpiperidine. Yield 1.01 g (50 %), 
m.p. 216-18 °C, [ab 25 - 281 °(c = 1 %, methanol solution), C20H23FN2O4, mAz 375 (M+l). 

Example 6 

S^-V9-fluoro-6.7-dihvdro-8-to 

oxo- 1 H. 5H-benzo [L j]quinolizine-2-carboxylic acid 
It was prepared in a similar manner as described above in Example 4, method A, where cis-4- 
(RS)-acetoxy-3 -(RS)-methylpiperidine was used in place of trans-{+)-4-S-acetoxy-3-S- 
methylpiperidine. Yield 0.6 g (93 %), m.p. 140-42 °C, [afc 25 - 227 0 (c = 1 %, methanol 
solution), C 2 aH23FN 2 04, m/z 375 (MH)> PMR (CDCI3): 1.06 (3H, d, CH 3 , J = 6 Hz), 1.6 (3H, d, 
CH 3 , J - 7 Hz), 1 .82 - 2. 12 (5H, m, By, H 5 < & H*), 2.78 - 3.64 (6H, m, H 2 <, H* % & H 7 ), 4.02 (1H, 
m, H4), 4.54 (1H, m, H 5 ), 8.02 (1H, d, Hiq, J = 16.5 Hz), 8.74 (1H, s, H3), 15.14 (1H, bs, COOH, 
D2O exchangeable). 

The obtained mixture of cis isomers was separated by preparative HPLC on YMOODS-AM 
column (250X4.6 mm). Elute from TFA (0.05%) in water -acetonitrile (gradient 0-100 % in 20 
min, flow rate 125 ml/min) gave S-(->9-fluoro-6,7-dihydro-8-{cis-(+)-4-S-hydroxy-3-R- 
methylpip eridin- 1 -y 1 } -5 -methyl- 1 -oxo- 1 H, 5H-benzo [i, j]quinolizine-2-carboxylic acid 
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{retention time 12.08 min, m.p. 148-52 °C, [a] D M - 230 0 (c = 1 %, methanol solution)} and S-(- 
>9-fluoro^J-d^ydro-8-{cis-(-M-R-hydroxy-3-S-memylpiperid^ 

lH,5H-benzop, j]quinolizine-2-carboxylic acid {retention time 12.19 min, mp. 158-60 °C, 

[a] D M - 216 0 (c = 1 %, methanol solution)}. 

Fvampte 7 

S-(-y9-fluortv6 7-dihvdro-^ci^r+^ 

1H 5H-benzo|i. ilquinolizine-2-ca rhoxvlic acid 
It was prepared in a similar manner as described above in Example 4, method A, where cis-(+)- 
4-S-acetoxy-3-R-methylpiperidme was used in place of trans-(+)-4-S-acetoxy-3-S- 
methylpiperidine. Yield 0.6 g (93 %), mp. 148-52 °C, [afc 25 - 230 0 (c = 1 %, methanol 
solution), C20HZJFN2O4, m/z 375 <M+1), PMR (CDC1 3 ): 1 .06 (3H, d, CHj, J = 6 Hz), 1 .6 (3H, d, 
CH 3 , J = 7 Hz), 1.82 - 2.12 (5H, m, H3-, Hs- & Hs), 2.78 - 3 .64 (6H, m, Hr, Hs-, & H 7 ), 4.02 (1H, 
m, H4), 4.54 (1H, m, H5), 8.02 (1H, d, H10, J = 16.5 Hz), 8.74 (iH, s, H 3 ), 15.14 (1H, bs, COOH, 
D2O exchangeable). 

Example 8 

S-(-V9-fluoro-6 7-dihvdro-8-(ris^ 

1H.5H-benzori. ilQninnlizine-2 -caiboxvlic acid 
It was prepared in a similar manner as described above in Example 4, method A, where cis-(->4- 
R-acetoxy-3-S-methylpiperidine was used in place of trans-(+)-4-S-acetoxy-3-S- 
methylpiperidine. Yield 0.6 g (93 %), m.p. 158-62 °C, [ajo 25 - 216 0 (c = 1 %, methanol 
solution), C 2 oH 2 3FN 2 04, m/z 375 (M+l), PMR (CDC1 3 ): 1.06 (3H, d, CKb, J = 6 Hz), 1.6 (3H, d, 
CH3, J = 7 Hz), 1.82 - 2.12 (5H, m, Hy, H5. & He), 2.78 -3.64 (6H, m, Hr, H;-, & H 7 ), 4.02 (1H, 
m, Hr). 4.54 (1H, m, H 5 ), 8.02 (1H, d, H,a, J = 16.5 Hz), 8.74 (1H, s, H 3 ), 15.14 (1H, bs, COOH, 
P2O exchangeable). 

Example 9 

S^V9-fluoro-6-7-dmvdro^-(4-ni^hoxv-3-ro ethv1piperidin-l-vlV5-methvl-l-oxo^ 

benzofL ilquinoli2ine-2- «aiboxvlic acid 
It was prepared in a similar manner as described above in Example 2, where 4-methoxy-3- 
methyl piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.16 g (55 %), m.p. 
160-62 °C, [oc] D 25 - 254.4 0 (c - 1 %, methanol solution), C 21 H2sFN 2 04, m/z 389 (M+l). 

Ryam ple 10 

^-)-0-f1,mrn^7-dihvdro-8-< , 4-ethoxv-3-methvlDi P firirfin-l-vlV5-mrt 

flquinoliane -7-«Mhoxv1tc acid 
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It was prepared in a similar manner as described above in Example 2, where 4-ethoxy-3 -methyl 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.15 g (57 %), m.p. 180- 
84°C, [a] D 25 - 238.6 0 (c = 1 %, methanol solution), C22H27FN2O4, m/z 403 (M+l) 

Example 11 

S-^V9-fluoro-6.7-dihvdro-^ 

lH.SH-benzo[ L j1quinolizi n^2-caiboxvlic acid 
It was prepared in a similar manner as described above in Example 2, where 4-hydroxy-3- 
trifluoromethylpiperidine was used in place of 4-hydroxy-3-methyl piperidine. Yield 0.15 g 
(58%), m.p. 130-35°C, C^IzoF^O^ m/z 429 (M+l). 

Example 12 

S-(-V9-fluoro-&7-dihvdro-8-tt 

j] quinolizine~2-cart>oxvlic acid 
It was prepared in a similar manner as described above, where 3-ethyl-4-hydroxypiperidine was 
used in place of 4-hydroxy-3-methylpiperidine. Yield 0.25g (80 %), m.p. 146-48 °C, Md 25 - 268 
°(c=l %, methanol solution), C21H25FN2O4, m/z 389 (M+l), PMR (CDC1 3 ): 1.02 (3EQ t, CH3, J 
- 6 Hz), 1.61 (3H, d, CH3, J = 7 Hz), 1.74 - 2.24 (7H, m, Has H 5S H* & CH2), 2.68 - 3.62 (6H, 
m, H 2 >, Be 8c H 7 ), 4.1 (1H, m, H4), 4.54 (1H, m, H5), 8.06 (1H, d, H 10 , J = 16.5 Hz), 8.75 (1H, s, 
H3), 15.1 (1H, bs, COOH, D2O exchangeable). 

Example 13 

S-(-V9-fluoro-6.7-dihvdro-8^ 

benzofi j]quinolizine-2-carboxvlic acid 
It was prepared in a similar manner as described in Example 2, where 4-hydroxy-3-n- 
propylpiperidine was used in place of 4-hy droxy-3 -methylpiperidine. Yield 0.2 g (41 %), m.p. 
170-72°C, C22H27EN2O4, m/z 403 (M+l), PMR (CDCI3): 0.9 (3H, t, CH 3 , J - 6 Hz), 1.2 - 1.5 
(4H, m, 2 X CH 2 ), 1.56 (3H, d, CH 3 , J = 7 Hz), 1.64 - 2.28 (6H, m, H3, By, He & OH, D 2 0 
exchangeable), 2.68 - 3.58 (5H, m, Hr, Be' & H 7 ), 4.08 (1H, m, H4), 4.52 (1H, m, H 5 ), 8.02 
(1H, d, H10, J = 16.5 Hz), 8.72 (1H, s, H3), 15.1 (1H, bs, COOH, D2O exchangeable). 

Example 14 

S4-V9-fluoro-6.7-dihvdro-8^^ 

benzol! jjquinolizine-2-carboxylic acid 
It was prepared in a similar manna* as described in Example 2, where 4-hydroxy-3-isopropyl 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.2 g (40 %), m.p. 188- 
90°C, C22H27FN2O4, m/z 403 (M+l), PMR (CDC1 3 ): 0.9 (3H, t, CH3, J = 6 Hz), 1.02 (3H, t, CH3, 
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J == 6 Hz), 1.58 (3H, d, CH 3 , J = 7 Hz), 1.62 - 2.44 (6H, m, Jfe*, Hy, He & OH, D2O 
exchangeable), 2.68 - 3.84 (6H, m, Ha*, Jfr, H 7 & CH), 4.08 (1H, m, H4), 4.52 (1H, m, H 5 ), 8.04 
(1H, d, H10, J- 16.5 Hz), 8.7 (1H, s, H3), 15.1 (1H, bs, COOH, D 2 0 exchangeable). 

Example 15 

S.(-VQ-f!nnrr^7-^ih ydro-8-f3>n-butyM4iydroxypipCT 

benzofl, jlquinplizin^-carboxylic acid 
It was prepared in a similar manner as described in Example 2, wehre 3-n-butyl-4-hydroxy- 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.1 g (50 %), m.p. 176- 
78°C, C23H29FN204, mix 417 (M+l), PMR (CDCI3): 0.9 (3H, t, CH 3 , J = 6 Hz), 1.18 - 1.48 (6H, 
m, 3 X CH 2 ), 1.6 (3H, d, CH3, J « 7 HzX 1.64 - 2.2 (6H, m, H 3 <, H 5 ', He & OH, D 2 0 
exchangeable), 2.68 - 3.58 (5H, m, H 2S We & H 7 ), 4.1 (1H, m, H4), 4.56 (1H, m, H 5 ), 8.04 (1H, 
d, H 10 , J= 16.5 Hz), 8.78 (1H, s> H3), 15.04 (1H, bs, COOH, D 2 0 exchangeable). 

Example 16 

S^-9-fluoro-6.7-dmvdro^ 

benzo[i, jlquinolizme-2-carboxylic acid 
It was prepared in a similar manner as described in Example 2, where 4-hydroxy-3-isobutpyl 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.75 g (45 %), m.p. 206-8 
°C, C23H29FN2O4, mix 417 (M+l), PMR (CDCI3): 0.94 (6H, m, 2 X CH 3 X 1.18 (2H, m, CH 2 ), 
1.6 (3H, d, CH3, J = 7 Hz), 1.68 - 2.2 (6H, m, Has H 5% H* & OH, D2O exchangeable), 2.8 - 3.6 
(6H, m, H 2 <, Bk & H ? X 3.68 (1H, m, CH), 4.28 (1H, m, H*), 4.54 (1H, m, H 5 ), 8.04 (1H, d, H10, 
J = 16.5 Hz), 8.7 (1H, s, H 3 ), 15.08 (1H, bs, COOH, IhO exchangeable). 

Example 17 

S-(-y9-fluoro-6_7-dihvdro-8^ 

benzo[L j]quinolizine-2-carboxvlic acid 
It was prepared in a similar manner as described in example 2, where 3-benzyl-4-hydroxy- 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.5 g (50 %), m.p.204 °C, 
C26H27FN2O4, m/z451 (M+l). 

JSxample 18 

S-M-9-fluoro-6. 7-dihvdro-8-( 3 -fluoro-4-hvdroxvpiperidin- 1 -vl V5-methvl- 1 -oxo- 1 H. 5H- 

benzofi j*|quinolizine-2-caiboxvlic acid 
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It was prepared in a similar manner as described in Example 2, where 3 -fluoro-4-hydroxy- 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.1 g (25 %), m.p. 180 °C 
(decompose), C19H20F2N2O4, m/z 379 (M+l). 

Example 19 

S4-V9-fluoro-6,7-dihvdro-8-^ 

benzop j] quinolizine-2-caiboxvlic acid 
It was prepared in a similar manner as described in Example 2, where 3,3-dimethyl-4-hydroxy 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.25g (80 %), m.p. 220-24 
°C, [ajo 25 -143.5 °(c - 1, methanol), C21H25FN2O4, m/z 389 (M+l), PMR(CDCl3): 1.05 (6H, 2s, 
2 X CH 3 ), 1.5 (3H, d, CH 3 , J = 7 Hz), 1.62-2.38 (4H, m, Ky & Ik), 2.54 - 3.64 (6H, m, H 2 <, H*< 
& H 7 ), 4.28 (1H, m, H4O, 4.54 (1H, m, Hs), 8.04 (1H, d, H10, J = 16.5 Hz), 8.76 (1H, s, H3), 15.0 
(1H, bs, COOH, D2O exchangeable). 

Example 20 

S-(-V9-fluoro-6.7-dihvdro-8-0. 1 -vl)-5-methvl- 1 -oxo- 1RSH- 

benzofcf) quinolizine-2-carboxvlic acid 
It was prepared in a similar manner as described in Example 2, where 3,5-dimethyl-4-hydroxy- 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.5 g (40 %), m.p. 208-10 
°C, C21H25FN2O4, m/z 389 (M+l), PMR (CDCI3): 1.Q5 (6H, m, 2 X CH 3 ), 1.5 (3H, d, CH3, J = 7 
Hz), 1.62 - 2.38 (4H, m, Has H 5 < & H*), 2.54 - 3.74 (6H, m, Ha<, H$* & H 7 ), 4.5 (2H, m, H* & 
H 5 ), 8.04 (1H, d, H10, J = 16.5 Hz), 8.76 (1H, s, H3), 15.04 (1H, bs, COOH, D 2 0 exchangeable). 

Example 21 

S-f-V9-fluoro-6.7-dihvdro-8-{t^^ 

lHLSH-benzofij] quinolizine-2~caiboxvlic acid 
It was prepared in a similar manner as described in Example 2, where trans-3,5-dimethyl-4- 
hydroxypiperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 1.0 g (35 %), m.p. 
140-50 °C, C21H25FN2O4, m/z 389 (M+l), PMR (CDC1 3 ): 1.05 (6H, d, 2 X CH3, j - 6.8 Hz), 1.5 
(3H, d, CH3, J - 7 Hz), 1.83 (2H, m, H 3 <, & H5), 2.21 (2H, m, He), 2.62-2.81 (6H, m, H 2 <, H* 
& H 7 ), 4.5 (2H, m, H* & H 5 ), 8.04 (1H, d, Hi* J = 16.5 Hz), 8.76 (1H, s, H3), 15.04 (1H, bs, 
COOH, D 2 0 exchangeable). 

The obtained mixture of trans isomers was separated by preparative HPLC on YMOODS-AM 
column (250X4.6 mm). Elute from TFA (0.05%) in water -acetonitrile (gradient 0-100 % in 20 
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min, flow rate 1.25 ml/min) gave early isomer {retention time 10.4 min, m.p. 110 C, [a]o - 
104 0 (c = 1 %, chloroform solution)} and late isomer {retention time 12.7 min, m.p. 210-12 °C, 
Md 25 - 191.5 0 (c = 1 %, chloroform solution)}. 

Example 22 

S^V9-fluoro-6.7-dihv^^ 

lHL5H-benzo[Lj] qiun n1i7ine-2- caiboxvlic acid 
It was prepared in a similar manner as described in Example 2, where cis-3,5-dimethyl-4- 
hydroxypiperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.48 g (50 %), 
m.p. 200-02°C, C2iH25FN 2 04, m/z 389 (M+l), PMR (CDCfe): 1.05 (6H, d, 2 X CH3, j = 7.2 Hz), 
1.5 (3H, d, CH3, J = 7 Hz), 1.81 - 2.35 (4H, m, Bb H 5 < & Ue\ 2.61 - 3.51 (6H, m, H 2 <, Hfe* & 
H 7 ), 4.5 (2H, m, H4' & H5), 8.04 (1H, d, H 10 , J = 16.5 Hz), 8.7 (1H, s, H 3 ), 15.1 (1H, bs, COOH, 
D2O exchangeable). 

Example 23 

S-(-y9-fluoro-6.7^hvdro-^3.3-a^ 

hftn^nfi j-|qtiinn1i7jn^2^carboxvlic acid 
It was prepared in a similar manner as described in Example 2, where 3 , 3 -diethy 1-4-hy droxy- 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.63 g (31 %), m.p. 126- 
28°C, [a] D 25 -221 0 (c = 1 %, methanol solution), O^E^F^O^ m/z 417 (M+l) 

Example 24 

S-f-V9-fluoro-6.7-dihvdro-^ 

lH5H-benzofi.j]quinolizine-2-carboxylic acid 
It was prepared in a similar manner as described in Example 2, where 3 -ethy 1-4-hy droxy-3 - 
methyl piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.153 g (81 %), 
m.p. 192-4°C, C22H27FN2O4, m/z 403 (M+l), PMR(CDC1 3 ): 0.94 (3H, t, CH3, j = 6 Hz), 1.1 (3H, 
s, CH3), 1.3 (2H, m, CH 2 ), 1.58 (3H, d, CH3, J = 7 Hz), 1.68 - 2.3 (5H, m, Hy, H« & OH, D2O 
exchangeable), 2.58 - 3.7 (6H, m, H 2 ', Eb & H 7 ), 4.28 (1H, m, H4), 4.54 (1H, m, H 5 ), 8.04 (1H, 
d, H10, J = 16.5 Hz), 8.78 (1H, s, Ha), 15.2 (1H, bs, COOH, E^O exchangeable). 

Example 25 

S-f-)-9-fluoro-6.7-dihvdro-8-n-^ 

benzopjlquinolizine-2-carboxvlic acid 
A mixture of (O-B)-diacetoxy- { S-(-)-8,9-difluoro-5-methyl-6, 7-dihydro-5 -methyl- 1 -oxo- 1 H, 5H- 
benzo[ij]quinolizdne-2-carboxy}borane (0.77 g, 1.88 mmole), 4-hydroxy-3-(t- 
butoxycarbonylaminomethylpiperidine (1.1 g, 4.78 mmole) and acetonitrile (20 ml) was heated 

50 



WO 01/85728 



pcT/moi/ooioo 



at 90°C for 6 hr, and concentrated to dryness in vacuum. The obtained residue was triturated 
with water, filtered and washed with water to provide S-(-)-9-fluoro-6,7-dihydro-8-(4-hydroxy- 
3-t-butoxycarbonylammometh^^ 

carboxylic acid. Yield 0.3 g (34 %), m.p. 188-90°C, [afc 24 -209 0 (c = 1 %> methanol solution), 
C25H32FN306, m/z 490 (M+l), PMR (CDCfe): 1.42 (9H, s, 3 X CH 3 ), 1.6 (3H, d, CH 3 , J = 7 Hz), 
1 .75 - 2.32 (5H, m, Hy, Hss & H*), 2.72 - 3.82 (8H, m, NCHa, H 2 -, H 7 ), 4.05 (1H, m, H*), 
4.54 (1H, m, H 5 ), 4.88 (1H, m, NH, D 2 0 exchangeable), 8.02 (1H, d, H w , J = 16.5 HzX 8.72 
(1H, s, H 3 ), 15.05 (1H, bs, OH, D2O exchangeable). 

The obtained S-(-)-9-fluoro^,7-dihydn>-8^4-hydro^ 

pipOTdin-l-yl)-5-methyl-l-oxo-lH,5H-^ add was refluxed 

with cone. HC1 (2 ml) for 5 hr, concentrated in vacuum to dryness, triturated with ether and 
filtered to give title product as hydrochloride. Yield 0.21 g (60 %), tap. 238^K) 0 C, [afc 24 - 143° 
(c = 0.25 %, methanol solution), C20H24FN3O4.HCI, m/z 425 and 426 (M+), PMR(DMSO-d6): 
1.46 (3H, d, CH 3 , J = 7 Hz), 1.72 - 2.36 (5H, m, H 3S Hs< & He), 2.64- 3.8 (8H, m, NCH 2 , Hy, 
H6 S H 7 ), 4.0 (1H, m, Hr), 4.92 (1H, m, H 5 ), 5.36 (1H, m, NH, D2O exchangeable), 7.92 (1H, d, 
H10, J = 16.5 HzX 9.0 (1H, s, H3), 15.24 (1H, bs, OH, ThO exchangeable). 

Example 26 

S^-V9-fluoro^7-dihydro-844-^^ 

benzo["i 1 j1quinoli2ane-2-carboxylic acid 
It was prepared in a similar manner as described in Example 1, where 4-hydroxy-4-methyl 
piperidine was used in place of 4-hydroxy-3-trifluorom^hylpiperidine. Yield 0.5 g (42 %), m.p. 
276°C, [a] D 25 - 283 0 (c = 0.25, methanol solution), C20H23FN2O4, m/z 375 (M+l), 
PMR(CDC1 3 ): 1.32 (3H, s, CH 3 ), 1.53 (3H, d, CH 3 , J = 6.8 Hz), 1.58 - 2.13 (6H, m, Hy, Hr & 
H*), 2.68 - 3.61 (7H, m, Has Eb, H 7 & OH), 4.52 (1H, m, H$), 8.1 (1H, d, H 10 , J = 12.2 Hz), 
8.64 (1H, s> H 3 ), 15.13 (1H, bs, COOH, D2O exchangeable). 

Example 27 

S-f-V9-fluorT>^7-dihvdro-8-f4-hv^ 

benzo[ij]quino1i^ tnfi-2-ca rboxvlic acid 
It was prepared in a similar manner as described in Example 1, where 4-hydroxy-4-phenyl 
piperidine was used in place of 4-hydroxy-4-trifluoromethylpiperidine. Yield 0.05 g (36 %), 
m.p. 223 °C, [ah 26 - 242 0 (c = 0.1, methanol solution), CzoHzjFNzO^ m/z 437 (M+l), PMR 
(CDC1 3 ): 1.64 (3H, d, CH 3 , J = 6.5 Hz), 1.98 - 2.43 (6H, m, Qr, Hfe* & H*), 2.8 - 3.93 (6H, m, 
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Ht, Bs Sc H 7 ), 4.59 (1H, m, H 5 ), 7.32 - 7.64 (5H, m, Ar-H), 8.03 (1H, d, H,o, J = 12.4 Hz), 8.70 
(1H, s, Ha), 15.09 (1H, bs, COOH, D2O exchangeable). 

Example 28 

S^-y9-fluoro^7^ihvdro^ 
5 oxo-ia5H"bCTZo[ij]quinoli2ine-2rK:arboxylic acid 

It was prepared in a similar manner as described in example 1 as a mixture of two diastereomers 
(75:25), where 4-hydroxy-3-methyl^trifluon>methylpiperidine was used in place of 4-hydroxy- 

4- trifluoromethylpiperidine. Yield 0.35 g (50 %), m.p. 250°C (decompose), C21H22F4N2O4, m/z 
443 (M+1). 

10 Example 29 

S^;A-9-fluoro^7-dihydro^4^ 

benzo[Lj]quinolizme-2-carboxylic acid sodium salt dihvdrate 

5- (-)-9-fluoro-6,7-<iihydro-8-(4-hy^^ 

benzo[ij]quinolizine-2-caiboxylic acid (1.0 g, 2.6737 mmole) was added to the stirred aqueous 

15 NaOH solution (2.631 ml, 1.0162 N) to obtain a clear solution, which was diluted with distilled 
water (10 ml). The obtained solution was lyophilized to furnish sodium salt dihydrate as white 
solid. Yield 0.98 g (92.5 %), m.p. 296-98 0C (d), [a]D25 -239.4 0 (c = 1 %, methanol solution), 
moisture content 8.32 % (by Karl Fisher method), m/z 397 (M+1), C20H22FN2O4Na.2H2O, 
found C 55.73, H 6.03, N 6.48 calcd. C 55.55, H 6.01, and N 6.51. 

20 Example 30 

S-^V9-fluoro-6.7-dihydro-8-{tn^ 

oxo-lH.5H-benzofi j ] quinolizine-2-carboxvlic acid arginine salt dihydrate 
Aqueous L-arginine solution (0.441 g, 2.54 mmole, 15 ml) was added to a stirred solution of S-(- 
)-9-fluoro-6,7-dihydro-8-{trans-(+^ 

25 5H-benzo[iJ]quinoliHne-2-caiboxylic acid (0.95 g, 2.54 mmole) in methanol (40 ml). The 
obtained clear solution (filter through a micron filter to remove if any suspended impurity is 
there) was concentrated to dryness to give arginine salt dihydrate. Yield 1.37 g (92 %), m.p. 190- 
-92°C (d), [ab 25 -158.4° (c = 1 %, methanol solution), C^£H37FN 6 06.2H 2 0, m/z 584 <M*), 
found C 53.09, H 7.22, N 13.96; calcd. C 53.42, H 7.02, and N 14.38, PMR (D2O): 1.06 (3H, d, 

30 CH 3 , j = 6 Hz), 1.54 (3H, d, CH 3 , j = 7 Hz), 1.57 - 2.28 (9H, m, H 3 ', Hy, He & 2 X CH2), 2.64 - 
3.6 (9H, m, H r , H*, Hr, H 7 , and NCH 2 ), 4.56 (1H, m, H 5 ), 7.68 (1H, d, H10, j = 16.1 Hz), 8.42 
(1H, s.Ha). 
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Example 31 

S-^V9-fhioro-6.7^ihydro-8-ft^ 

lH.5H-ben2X)[i.j]quinoliziae-2-carboxvlic acid arginine salt 3 .5 hvdrate 
Aqueous L-arginine solution (0.441 g, 2.54 mmole, 15 ml) was added to a stirred solution of S-(- 
5 )-9-fluon>-6,7-dihydro-8-{trans<-)^ 

5H-benzo[iJ]quuiolizine-2-carboxyUc acid (0.95 g, 2.54 mmole) in methanol (40 ml). The 
obtained clear solution (filter through a micron filter to remove if any suspended impurity is 
there) was concentrated to dryness to give arginine salt dihydrate. Yield 1.39 g (93 %), m.p. 188- 
90°C (d), [a] D 25 -167.2° (c = 1 %, methanol solution), C^yFNeOe. 3.5H 2 0, found C 51.15, H 
10 7.48, N 13.58; calcd. C 51.06, H 7.2, and N 13.75, PMR (D 2 0): 1.06 (3H, d, CH3, j = 6 Hz), 1.54 
(3H, d, CH 3 , j = 7 Hz), 1 .57 - 2.28 (9H, m, Ha-, Hy, Hs & 2 X CH 2 ), 2.64 - 3 .6 (9H, m, H*, H*. 
EUs H 7 , and NCH 2 ), 4.56 (1H, m, H 5 ), 7.68 (1H, d, H 10 , j « 16.1 Hz), 8.42 (1H, s, H 3 ). 

Example 32 

S-(-)-9-fluoro-6.7-dihvdro-8-{tt^ 
15 oxo-lH5H-j>enzo[ij1quinolizine-2-caiboxylic acid histidine salt 

Aqueous L-histidine solution (0.078 g, 0.5 mmole, 5 ml) was added to a stirred solution of S-(-)- 
9-fluoro-6,7-dihydro-8-{trans-(+)^ 

5H-benzo[ij]quinolizine-2-cartK)xylic acid (0.187 g, 0.5 mmole) in methanol (10 ml) and 
concentrated to dryness to give histidine salt. Yield 0.265 g (100 %), m.p. 216°C, [afo 25 -200°C 
20 (c = 1 %, 20 % aqueous methanol solution), C 26 H3 2 FN 5 06, m/z 530 (M+l). 

Example 33 

S^-V9-fluoro-6.7-dihydro-8-{^ 

oxo^lH.5H-benzo[i n j]quinolizine-2-caiboxvlic acid lysine salt 
It was prepared in a similar manner as described in example 32, where lysine was used in place 
25 of histidine. Yield 0.26 g (100 %\ m.p. 204°C, [ot] D 25 -174 0 (c = 1 %, methanol solution), 
C^sHstFN^, m/z 521 (M+l). 

Example 34 

S-(-V9-fluoro-6, 7-»dihydro~8- {trans-(+V4-S-hvdroxv-3 -S-methvlpiperidin- 1 -vl) -5-methvl- 1 - 
oxo-lR5H-benzofi j]quinolizine>2^caiboxvlic acid arginine methyl ester salt 
30 A solution L-arginine methyl ester (0.094 g, 0.5 mmole) in methanol (10 ml) was added to a 
stirred solution of S-0-9-fluoro^,7-dihydro-8-{trans-(+) 

yl}-5-methyl-l-oxo-lH, 5H-benzop,j]quinolmne-2-carboxylic acid (0.187 g, 0.5 mmole) in 
methanol (10 ml). The resulting solution was concentrated to dryness to give arginine methyl 



53 



WO 01/85728 



pcr/moi/ooioo 



ester salt. Yield 0.28 g (99 %), m.p. 210°C (d), [afc 25 -180 °C(c = 1 %, methanol solution), 
C27H39FN6O6, mlz 563 (M+l). 

Example 35 

S-(-y9-fluor(>-6.7-dihvdro-8^ 

oxo-lRSH-benzoriflquinoli2ine-2^aiboxvlic acid histidine tnethvl ester salt 
It was prepared in a similar manner as described in Example 34, where histidine methyl ester 
was used in place of L-aiginine methyl ester. Yield 0.27 g (100 %\ m.p. 210°C, [afc 25 - 219°C 
(c = 1 %, 10 % aqueous methanol solution), C27H34FN5O6, m/z 544 (M+l). 

Example 36 
S-(-V9-fluoro^7^ihvdro-8^4^ceto^^^ 

benzo[ij1quinolizine-2-caiboxylic acid 
Acetic anhydride (0.217 ml, 2.13 mmole) was added to a stirred solution of S-(-)-9-fluoro-6,7- 
dihydro-8^4-hydroxy-3-methylpiperi quinolizine-2- 
carboxylic acid (0.2 g, 0.534 mmole) in pyridine (3 ml) at 0°C. The reaction mixture was heated 
at 80-85°C for 2 hr, concentrated in vacuum to dryness, and triturated with water (20 ml). The 
solid thus separated was filtered, washed with water (10 ml) and dried to give titled product 
Yield 0.18g (81%), m.p. 140-42°C, [afc 25 - 234°(c « 1 %, methanol solution), C22H25FN2O5, 
m/z 417 (M+l), PMR (CDC1 3 ): 1.00 ( 3H, d, CH 3 , J = 7 Hz), 1.62 (3H, d, CH3, J = 7 Hz), 2.1 
(3H, s, COCH3), 1.8 - 2.38 (4H, m, Ife* & H«), 2.78 - 3.5 (5ft m, H 2 <, Be*, H 7 ), 4.51 (1H, m, H 5 ), 
4.62 (1H, m, H 3 0, 5.12 (1H, m, H4), 8.02 (1H, d, Hw, J = 17 Hz), 8.72 (1H, s, H 3 ), 15.02 (1H, 
bs> COOH, D2O exchangeable). 

Example 37 

S-(-V9-fluoro-6.7Hfihvdro-8^ 

benzori.jlquinolmne-2-carboxylic acid 
It was prepared in a similar manner as described in example 36, where S-(-)-9-fluoro-6,7- 
dihydro-8<4-hydroxy-3,3-dimeth^^ 

quinolizine-2-carboxylic acid was used in place of S^->9-fluoro-6,7-dihydro-8-(4-hydroxy-3- 
methylpiperidin-1 -yl)-5-methyl-l-oxo-lH,5H-baizo[iJ ]quiiu>lizine-2-carboxylic acid. Yield 
0.035 g (31 %), m.p. 195°C, [olId 25 - 170.75° (c= 1 %, methanol solution), C23H27FN2O5, m/z 
431 (M+l), PMR (CDCU): 1.02 ( 6H, 2s, 2 X CH 3 ), 1.54 (3H, d, CH 3 , J = 7 Hz), 2.1 (3H, s, 
COCH3), 1.8 - 2.38 (4H, m, Hy, H& 2.72 - 3.52 (6H, m, Bk, H 7 ), 4.6 (1H, m, H*), 4.82 
(1H, m, H4), 8.04 (1H, d, H10, J - 17 Hz), 8.74 (1H, s> H 3 ), 15.02 (1H, bs, COOH, JhO 
exchangeable). 
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Example 38 

S^O~9-fluoro^7^ihvdrcK8^4-acetoxV'3-ethvlpiperidin> 1 -vn-5-methvl-l-oxo- IK 5H- 
benzofLj]quinolizine-2-carfaoxylic acid 
It was prepared in a similar manner as described Example 36, where S-<->9-fluoro-6,7-dihydro- 
8^4-hy<koxy-3-ethylpiperidin-l-yl)-5-meth^ 
add was used in place of S^-9-fluoro-6J-dihydro-8-(4-hyfr^ 

me^yl-l-oxo4H,5H-benz©[y]quinoliM acid. Yield 0.8 g (29 %), m.p.l48-50°C, 

[ah 25 ~ 199°C (c - 1 %, methanol solution), C23H27FN2O5, m/z 43 1 (M 4 ), PMR (CDC1 3 ): 0.98 ( 
3H, t, CH 3 , J - 7 Hz), 1.58 (3H, d, CH3, J = 7 Hz), 2.1 (3H, s, COCH 3 ), 1.18 - 2.38 (6H, m, H 5 , 
JJe & CH2), 2.78 - 3.58 (6H, m, H 2 <, H*, H 7 ), 4.56 (1H, vi H5), 4.76 (1H, m, H 3 ), 5.24 (1H, m, 
H4), 8.08 (1H, d, H10, J = 17 Hz), 8.72 (1H, s, H3), 15.06 (1H, bs, COOH, D2O exchangeable). 

Example 39 

S-(-V9-fluoro^.7-dihydro-8- f4-acetoxy-3-ethvl-3-methylpiperidin-l-vlV5>methvM-oxo- 
lH.5H-benzofij ] quinolizine"2-caiboxvlic acid 
It was prepared in a similar manner as described in Example 36, where S-(-)-9-fluoro-6,7- 
dihydro-8-(3 -ethyl-4-hy droxy-3 -methylpiperidin- 1 -yl)-5-methyl- 1 -oxo- lH,5H-benzo [i j] 
quinolizine-2-caiboxylic acid was used in place of S-(->9-fluoro-6,7-dihydro-8-(4-hydroxy-3- 
methyl piperidin-l-yl)-5-methyl-l-oxo-lE^5^ acid. Yield 

0.15 g (90 %), m.p. 212- 14 °C, [a] D 2 5 - 158°C (c= 1 %, methanol solution), C24H29FN2O5, m/z 
445 (M*) y PMR (CDCI3): 0.98 (6H, m, 2 X CH3), 1.58 (3H, d, CH3, J = 7 Hz), 2.1 (3H, s 3 
COCH3), 1.18 - 2.38 (6H, m, Hs<, Ek & CHa), 2.78 - 3.58 (6H, m, H 2 <, H*<, H 7 ), 4.56 (1H, m, 
H 5 ), 4.85 (1H, m, H*), 8.04 (1H, d, H10, J = 17 Hz), 8.72 (1H, s, H 3 ), 15.12 (1H, bs, COOH, D 2 0 
exchangeable). 

Example 40 
S4-V9-fluoro^7-dihydro-8^3-methvl^ 

benzori^ilquinolizine-2-carboxvlic acid 
Pivaloyl chloride (0.0128 ml, 1.06 mmole) was added to a stirred solution of S-(-)-9-fluoro-6,7- 
dihydro-8<4-hydroxy-3-me*hylpiperifi^ 

carboxylic acid (0.2 g, 0.534 mmole) in pyridine (3 ml) at 0°C. The reaction mixture was stirred 
at room temperature for 4 hr, concentrated in vacuum to dryness, and triturated with water (20 
ml). The solid thus separated was filtered, washed with water (10 ml) and dried to give crude 
product, which was purified by preparative HPLC. Yield 0.15 g (60 %), m.p. 120-22°C, [a] D 25 - 
211°C (c « 1 %, methanol solution), C25H31FN2O5, m/z 459 (M+l), PMR (CDCI3): 1.01 ( 3H, d, 

55 



WO 01/85728 



PCT/IN01/00100 



CH 3> J = 7 Hz), 1 .28 ( 9H, s, 3 X CH 3 ), 1 .58 (3H, d, CH3, J = 7 Hz), 1.94 - 2.32 (4H, m, Hy & 
HO, 2.76 - 3.51 (6H, m, H 2 <, H*, H 7 ), 4.58 (1H, m, H 5 ), 4.8 (1H, m, H^), 5.12 (1H, m, H*), 8.06 
(1H, d, H10, J = 17 Hz), 8.76 (1H, s, H 3 ), 15.02 (1H, bs, COOH, D2O exchangeable). 

Example 41 

S- f-V9-fluoro-6. 7-dihvdro-8- f3-ethvl^pivalovloxvpiperito^ 5H- 

benzofLjl qi iinplirin ^-carboxvlic acid 
It was prepared in a similar manner as described Example 40, where S-(-)-9-fluorO'6 1 7-dihydro- 
8-(3-eihyM4iydroxypiperidin-l-yl)-5-m 

acid was used in place of S<->9-fluoro^,7^ydrcK8<4-hydroxy-3-methylpiperidin- 
methyl-lK>xo-lH,5H-benzo[y]quinoM acid. The obtained crude product was 

purified by preparative HPLC. Yield 0.105 g (36 %), m.p.l56-58°C, [afc 25 - 186.5°C (c = 1 %, 
methanol solution), C26H33FN2O5, m/z 473 (ML+1), PMR (CDCfe): 0.98 ( 3H, d, CH 3 , 1=7 Hz), 
1.28 ( 9H, s, 3 X CH3), 1.58 (3H, d, CH3, J = 7 Hz), 1.6 - 2.3 (6H, m, H 5S Be & CH 2 ), 2JS - 
3.48 (6H, m, H 2 <, H*, H 7 ), 4.56 (1H, m, Hs), 4.7 (1H, m, H3), 5.2 (1H, m, H*), 8.02 (1H, d, H10, 
J= 17Hz), 8.72 (1H, s, H 3 X 15.12 (1H, bs, COOH, D 2 0 exchangeable). 

Example 42 

S-M-9-fluoro-6.7-dihvdro-8433-^ 

lBLSH-benzopj lquino^^ti e^-carboxyiic acid 
It was prepared in a similar manner as described Example 40, where S-(-)-9-fluoro-6,7-dihydro- 
8-(3,3-dimethyM-hydroxypiperidin^ 

carboxylic acid was used in place of S-(-)-9-fluoro-6,7-dihydro-8-(4-hydroxy-3-methylpiperidin- 
l-yl)-5-methyl-lK)xo-lH,5H-benzo[^ acid. Yield 0.52g (66 %), m.p. 

215-17°C, C26H 33 FN 2 05, m/z 473 Of+1), PMR (CDC1 3 ): 1.02 (6H, 2s, 2 X CH 3 ), 1.28 (9H, s, 3 
X CH 3 ), 1.54 (3H, d, CH3, J - 7 Hz), 1.8 - 2.38 (4H, m, Hy & He), 2.72 - 3.52 (6H, m, H 2 <, He 
& H 7 ), 4.6 (1H, m, Hs), 4.82 (1H, m, H4), 8 04 (1H, d, H 10 , J - 17 Hz), 8.74 (1H, s, Ife), 15.02 
(1H, bs, COOH, D 2 0 exchangeable). 

Example 43 

S-M-9-fluoro-6.7-dihvdro-8-D-^ 

lH.5H-benzofij]quinoli3dne-2-<arboxvlic add 
It was prepared in a similar manner as described Example 40, where S-(-)-9-fluoro-6,7-dihydro- 
8<3^yl^hydroxyO-methylpiperidin-l^ quinolizine-2- 
carboxylic acid was used in place of S-(-)-9-fluoro-6,7-dihydro-8-(4-hydroxy-3-methyl 
piperidin-l-yl)-5-methyl-l^xo-lH,5^ acid. The obtained 
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crude product was purified by preparative HPLC. Yield 0.05 g (50 %), m.p. 188-90°C, 
C27H35FN2O5, m/z 487 (M+l) 

Example 44 

Pivalovloxymethyl S-(-y9-fluoro-6.7-dihydro-8-{tn^ 

l-vll-5-me&vl-l^xo-lR5H^e^ 
Powdered anhydrous potassium carbonate (0.055 g, 0.4 mmole) was' added to a stirred solution 
of SK->9-fluoro^,7-dihydro-8-{tn^ 

lK>xo-lH,5H-benzo[y]quinolizine-2-carboxylic. acid (0.15 g, 0.4 mmole) in N,N-dimethyl 
formamide (5 ml) at 50°C and stirring was continued for 6 hr at 50°C. Chloro methyl pivalate 
(0.072 g, 0.48 mmole) was added to the resulting mixture and stirring was continued for 18 h at 
50°C. The reaction mixture was concentrated, triturated with water, extracted with chloroform 
to give crude product, which was purified by chromatography. Yield 0.188 g (96 %), m.p. 198- 
200°Q [oc] D 25 -153 0 (0.1% CHC1 3 solution), QeHasFNaO*, mix 489 (M+l). 

Example 45 

Acetoxvmethvl S-(-)-9-fluoro-6.7-dihvdro-8-{^ 

vl \ -5-methvl- 1 -oxo- 1 HL 5H-benzo p. j ] quinolizin e-2-carboxvlate 
It was prepared according to procedure described in Example 44, where chloro methyl acetate 
was used in place of chloro methyl pivalate. Yield 0.128 g (72 %), imp 178-80°C, [afc 25 - 
165°C (0.1 % CHCI3 solution), C23H27FN2O6, m/z 447 (M+l). 

Example 46 

Carbethoxvmethvl S-(-V9-fluoro-6.7^hy(fro-8-ftr^ 

1 -vl >-5-methvl-l-oxo-lIL5H-benzo[i 1 j1quinolizine-2-carboxvlate 
It was prepared according to procedure described in example 44, where ethyl bromo acetate was 
used in place of chloro methyl pivalate Yield 0.141 g (76 %), m.p. 168-70°C, [afc 25 - 186°C 
(0.1 % CHCb solution), C24H29FN 2 06, m/z 461 (M+l). 

Example 47 

2-Morpholino-ethvl S-f-V9-fluoro-6.7-dihvdro^-{ti^s^ 
methvlpiperidin-l-vl}-5-methyl-l-oxo-lK5H^^ 
4-N,N-Dimethylamino pyridine (0.061 g, 0.52 mmole), N-2-hydroxy ethyl morpholine (0.07 g, 
0.53 mmole) and N,N-dicyclohexylcabodiimide (0.086 g, 0.5 mmole) were added sequentially to 
a solution of S-(-)-9-fluoro^,7-dihydro-8-{(±>t^^ 

methyl- 1 -oxo- 1 H, 5H-benzo[y ]quinolizine-2-caiboxylic acid (0.15 g, 0.4 mmole) in a mixture 
of N,N-dimethyl acetamide (6 ml) and triethyl amine (0.06 ml, 0.6 mmole). The resulting 
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mixture was stirred for 48 h at 100°C. The reaction mixture was diluted with ethyl acetate (50 
ml), washed with 0.5N HC1, saturated NaHCCfe solution and water. Ethyl acetate extract was 
dried (Na2S0 4 ) and concentrated to give crude product, which was purified by chromatography 
to furnish the required product. Yield 0.065 g (33 %), m.p. 205-208°C, [ofo 25 - 154°C (0.1 % 
CHC1 3 solution), C26H34FN3O5, m/z 488 (M-H). 

Rrample 48 

2-Pipeirano-ethvl S-(-V9-flu^^ 

piperidin-l-vl}-5-methyl-l-oxo-lK5H-benzo^ 
It was prepared according to procedure described in Example 47, where N-2-hydroxy ethyl 
piperazine was used in place of N-2-hydroxyethyI morpholine. Yield 0.045 g (23 %), m.p. 120- 
25°C, [a] D 25 - 159°C (0.1 % CHC1 3 solution), C26H35FN4O4, m/z 487 (M+l). 

Example 49 

2-Pyrrolidino-ethvl S-(-y9-fluoro-6.7~dihydro-8-{trra^ 
piperidin-l-vl}-5-me1hvl-l-oxo-lH.5H-benzof^^^^ 
It was prepared according to procedure described in Example 48, where N-2-hydroxyethyl 
pyrrolidine was used in place of N-2-hydroxyethyl morpholine. Yield 0.128 g (68 %), m.p. 170- 
75°C, [a] D 25 - 128°C (0.1 % CHC1 3 solution), C46H34FN3O4, m/z 472 (M+l). 

Example 50 

4- fN-methyl)>piperidinyl S-f-y9-fluoro^,7^hvdro-8-{tr^ 

piperidin-l-vl}-5-methyl-l^xo-lH>5H-benzolinquinohzine-2-caiboxvlate 
It was prepared according to procedure described in example 48, where 4-hydroxy-N- 
methylpiperidine was used in place of 2-hydroxyethyl-N-4-morpholine. Yield 0.132 g (70 %), 
m.p. 208-10°C, [afc 25 - 157°C (0.1 % CHCI3 solution), C26H34EN3O4, m/z 472 (M+l). 

Example 51 

S-(-y9-fluoro-6.7KUhvdro-8-(33 

benzo[lj ] quinolizme-2-carboxvlic acid 
It was prepared in a similar manner as described in example 2, where 3,3-di-n-propyl-4-hydroxy 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.21 g (77 %), m.p. 260- 
64°C, [a] D 25 - 177 0 ( c = 1 % methanol solution), C25H33FN2O4, m/z 445 (M+l). 

Example 52 

5- (-)-9-fluoro-6.7-dihvdro-8-(33-di-n^ 

benzop jlquinolizine-2-caiboxvlic acid 
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It was prepared in a similar manner as described in Example 2, where 3,3-di-n-butyl-4-hydroxy 
piperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.165 g (57 %), ntp. 288- 
92°C, [a] D 25 - 137 0 ( c = 1 % methanol solution), C27H37FN2O4, m/z 473 (M+l). 

Example 53 

5 S-^y9-fluoro-6.7-dihvdro-^^ 

benzo[Lj1quinolian&-2^caiboxvUc acid 
It was prepared in a similar manner as described in example 2, where 4-hydroxy-3 , 3, 5-trimethyl 
piperidine was used in place of 4-hydroxy-3 -methylpiperidine. Yield 0.035 g (30 %), m.p. 178- 
80 °C , C22H27FN2O4, m/z 403 (M+l). 
10 Example 54 

S-M-9-fluoro-6. 7-dihvdro-8-f 4->hvdroxv-3 .5»dimethvl-3 -ethvlpiperidin-1 -vn-5-methvl-l -oxo- 
HL5H-benzofvj1quinolizine-2-carboxylic acid 
It was prepared in a similar manner as described in Example 2, where 4-hydroxy-3 ,5-dimethyl- 
3-ethylpiperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.07 g (36 %), m.p. 
15 182-84°C, [ak 25 -176 0 (c = 1 %, methanol solution), Q23H29FN2O4, m/z 417 (M+l). 

Example 55 

S-(-y9-fluoro-6.7-dihv^ 

lI15H-benzorij1quinolizine-2-carboxvlic acid 
It was prepared in a similar manner as described in example 2, where 4-hydroxy-3,5-diethyl-3- 
20 methylpiperidine was used in place of 4-hydroxy-3-methylpiperidine. Yield 0.04 g (40 %), m.p. 
180-82°C , C24H31FN2O4, m/z 431 (M+l). 

Biological Examples 

Microbiological and pharmacological studies can be used to determine the relative potency, and 
25 the profile of specificity of the optically pure compounds of the invention as antibacterial agents 
with a spectrum of activity as described in the specification above. 

Biological Example 1 
In-vitro Antimicrobial Test 
30 The activity of the compounds of the invention in-vitro can be illustrated as follows : 

The comparative antimicrobial activity of the compounds of the invention against various 
microorganisms is given in Table 1. The test method was in accordance with the standard 
NCCLS protocol. 
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Table 1 

Comparative Mies (uG/Ml) Of The Compounds O f The Invention 





MIC (ug/ml) 


Compound 

@ 


MRSA 


S. pneumoniae ' 


VRE j 


E.coli 


P. aeruginosa 


A 


0.4 


0.2 


6.25 


0.2 


3.12 


B 


0.8 


0.2 


6.25 


02 


6.25 


C 


0.8 


0.1 


6.25 


0.1 


6.25 


D 


0.8 


0.8 


6.25 


0.2 


6.25 


E 


1.56 


0.2 


12.5 


0.8 


>12.5 


Ref. 1 * 


1.56 


0.4 


12.5 


0.4 


6.25 


Ref. 2* 


0.8 


0.2 


6.25 


0.2 


3.12 



Compound A 
S^->9-fluoro-6J-dmydro-8-{tr^ 
methylpip eridin- 1 -yl } -5 -methyl- 1 -oxo- 1 H, 5H-benzo [i, j]quinolizine-2-carboxylic acid 

Compound B 

S^->9-fluoro-6J-dihydro-8~{tis^(R^ 
1 -yl-5-methyl- 1 -oxo- lH,5H-benzo[i, j]quinolizine-2-carboxylic acid. 

Compound C 

S^-9-fluoro^,7-dihydro-8-{cis-(-)^R-hydroxy-3-S-methylpiperi 1 - 
yl }-5-methyl-l -oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid. 

Compound D 

S<-)-9-fluoro^J-dihydro-8-{cis-(+)-4-S-hydroxy-3-R-methylpiperidin-l- 
y 1 } -5 -methyl- 1 -oxo- 1 H, 5H-b enzo [i, j]quinolizine-2-carboxylic acid 

Compound E 

S-(-)-9-fluoro-6,7-dihydro-8-(3-ethyl-4-hydroxypiperidin-l-yl)-5-methyl- 
l-oxo-lH,5H-benzo[i, j]quinolizine-2-caiboxylic acid (mixture of cis racemate and trans 
racemate) 

Ref. 1 = RS(±>9-fluoro-8-(4 , -hydroxypiperidin-l-yl)-5-methyl-6,7- 
dihydro- 1 -oxo-lH-5H-benzo[ij]quinoli2ine-2-caiboxylic acid 

♦Ref. 2= S^-^-fluoro-S-^-hydroxypi^ 
oxo-lH-SH- benzo[i,j]quinolizine-2-carboxylic add 
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The compounds of the invention show superior potency in comparison to RSCi^-fluoro-S-^ 1 - 

hydroxypiperidin-l-yl)-5-methyl-6,7-dihydro-l^ 

acid and S-(->9-fluoro-8<4 f -hydroxypiperidin-l-y^ 

benzo[ij]quinolizine-2-carboxylic acid. 

Biological Ex ample 2 

Comparison of a typical compound of the invention vs S^-^P-fluoro-S^'-hydroxypiperidin- 1 - 
yl)-5-methyl-6J-dihydro-lK>xo-lH-5H-benzo^ acid in terms of % 

Killing of Streptococci 



Table 2 





4MIC-%Killat8hrs. 


Re£2* 


Typical compound of the invention** 


S. salivarius ATCC 13419 


0 


99.7 


S. pyogenes ATCC 25147 


45.4 


98.4 


S. sanguis ATCC 10556 


40 


98.6 


S. pneumoniae ATCC 6303 


50 


99.8 



♦ForRef 2cf. above 

** A typical compound of the invention is S-(-)-9-fluoro-6,7-dihydro-8-(4-hydroxy-3- 
m ethy lpiperidin- 1 -y l)-5-methyl- 1 -oxo- 1 5H-benzo[i, j]quinolizine-2-carboxylic acid (mixture 
of cis racemate and trans racemate). 

As seen in the table, depending upon the streptococcal strain under consideration, S-(-)-9-fluoro- 
8^4-hydroxypiperidin- 1 -yl)-5-methyl-6,7-dihydro- 1 -oxo- lH-5H-benzo [i J] quinolizine-2- 
carboxylic acid either feils to kill (0%) or at best kills only 50% of the population when exposed 
to 4X MIC concentrations for 8 hours. As against this, a typical compound of the invention*, 
which has an improved bactericidal power againt streptococci, consistently brings about killing 
of 99% of streptococcal population. 
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CLAIMS 



1. 



A compound of formula I 



O 




COOX 



Formula I . 



X is hydrogen, X is C1-C20 alkyl, aralkyl, KCH 2 )n-CHRi(rOCORu, or (CHaVCHRio- 
OCO2R11 wherein Rio is H, or CH 3 ; n is 0-3 and R u is C1-C20 alkyl or substituted Ci-C* alkyl, or 
aralkyl or K n is 



wherein A is CH or N, and when A is CH, Z is NH or NCH 3 , and when A is N, Z is CH2, 
0, 1MH, S, or NCH3 ; p is 0 - 2 ; and q is 0 - 2; 

Ri=R 2 = H, C1-4 alkyl, aralkyl, aminoalkyl, trifluoroalkyl, or halogen, except that when 
Ri=H, R 2 is not equal to H; 

R3 is hydrogen, C1-C20 alkyl, glycosyl, aralkyl, Ci-C* alkanoyl; or 
aminoalkanoyl derived from alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, 
glutamic acid, glycine, histidine, isoleucine, leucine, lysine^ methionine, phenylalanine, proline, 
serine, threonine, tryptophan, tyrosine and valine, or the optically active isomers thereof, or the 
racemic mixtures thereof, or 1-aminocyclohexylcarbonyl or COORn wherein Rn is as defined 
above, or -<CH 2 )a-CHRio-OCORn or -(CH^-CHRio-OCOORn where n,Rio and Rn are as 
defined above, or GAiOfc, PCfeCCftOH, PCbH^ P0 2 (OCH3)H or SO3H, provided that |L1, R2 
and R3 are not equal to H at the same time; 




O 



or X is acetoxymethyl, acetoxyethyl, pivaloyloxymethyl, or pivaloyloxyethyl group; 
orXis 
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R4 is H, Ci^ alkyl, CF 3 , phenyl, F, substituted at one or more of the positions of 2-, 4-, 
5-, or 6- of the piperidine ring, or an optical isomer, diastereomer or enantiomer thereof or 
polymorphs and pseudopolymorphs, and prodrugs thereof or pharmaceutical^ acceptable salts 
and hydrates thereof. 

2. A compound according to claim 1, wherein: 

X = Acetoxymethyi, carbethoxymethyl, pivaloyloxymethyL, 2-piperazinoethyl, 2- 
morpholinoethyl, 2-pyrrolidinoethyl, or 4-N-metbyl piperidinyl; 

Ri is CH3, C2H5, n-C3H7, i-C3H7, n-C4H9, i-C4H9, CF3, CH2C6H5, CH2NH2, or F; 

R2 is H, CH3, C2H5, n-C3H7, or n-C4H9; 

Ra is H, CH3, C2H5, COCH3 COC(CH3)3; and 

R4 is H, 5-CH3, 5-C2H5, 4-CH3, 4-CF3, 4-C6H5 or an optical isomer, 

diastereomer or enantiomer thereof, or polymorphs and pseudopolymorphs, and prodrugs 

thereof or pharmaceutically acceptable salts and hydrates thereof. 

3. A compound selected from the group selected from: 

S-(-)-9-fluoro-6,7-dihycho-8-(4-hydroxy-3-methylpiperidin- 1 -yl)-5- 
methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid (mixture of cis racemate and trans 
racemate); 

S-(-)-9-fluoro-6, 7-dihydro-8-(4-hydroxy-3 -methylpiperidin- 1 -yl)-5 -methyl- 1 - 
oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid sodium salt (mixture of cis racemate and 
trans racemate); 

S-(-)-9-fluoro-6,7-dihydro-8-(4-methoxy-3 -methylpiperidin- 1 -yl)-5 -methyl- 1 - 
oxo-lH,5H-benzo[i, j]quinolmne-2-cart>oxylic add (mixture of cis racemate and trans 
racemate); 

S-(-)-9-fluoro-6,7-dihydro-8-(4-ethoxy-3 -methylpiperidin- 1 -y l)-5-methyl- 1 -oxo- 
lH,5H-benzo[i, j]quinolizine-2-carboxylic acid (mixture of cis racemate and trans racemate); 

S-(-)-9-fluoro-6,7-dihydro-8-(4-acetoxy-3-methylpiperidin-l-yl)-5-methyl- 
l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic add (mixture of ds racemate and trans 
racemate); 

S-(-)-9-fluoro-6,7-dihydro-8-(3-meth^ 
oxo-lH,5H-benzo[i, j]quinoli2ioe-2-carboxylic add (mixture of cis racemate and trans 
racemate); 

S-(-)-9-fluoro-6,7-dihydro-8-{tran^ 
yl } -5 -methyl- 1 -oxo- 1 H, 5H-benzo [i, j] quinolizine-2-carboxylic acid, and isomers, prodrugs and 
salts thereof; 
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S-(-)-9~fluoro-6,7-dihydro-8- {timiSn(-)-^R-hydroxy-3-R-methylpipOTdin- 1 -yl } - 
5-methyl-l-oxo-lH,5H-benzo[i, j]quinolizine~2-caiboxylic acid; 

S-(-)-9-fluoro^,7^iihydro-8-{tr^ 
5 -methyl- 1 -oxo- 1 H, 5H-benzo[i, j]quinolizine-2-carboxylic acid arginine salt; 

S-(-)-9-fluoro-6,7-dihydn>-8-{tr^ 
5 -methyl- 1 -oxo- 1 H, 5H-benzo[i, j]quinolizine-2-carboxylic acid; 

S-(-)-9-fhioro^,7-dihydro-8-^ 
5-methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid arginine salt; 

S-(-)-9-fluoro-6,7-dihydro-8-{^^ 
5-methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid histidine salt; 

S-(-)-9-fluoro-6,7-dihydro-8-{tram^ 
5 -methyl- 1 -oxo- 1 H, 5H-benzo[i, j]quinolizine-2-caiboxylic acid lysine salt; 

S^-)-9-fluoro-6,7-dihycko-8-{tra^ 
5-methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid arginine methyl ester salt; 

S-(-)-9-fluoro-6,7-dihy dro-8- {trans-(+)-4-S-hydroxy-3 -S-methylpiperidin- 1 -yl } - 
5-methyl-l-oxo-lH,5H-benzo[i, j]quinolmne-2-caiboxylic acid histidine methyl ester salt; 

S-(-)-9-fluoro^J^ydro-8-{ci^ 
5-methyl- 1 -oxo- 1H, 5H-benzo [i, j] quinolizine-2-carboxylic add and isomers, prodrugs and 
isomers thereof; 

S^-)-9-fluoro-6,7-dihydro-8-{ds-(-)^R-hydroxy-3-S-methylpiperidin-l-yl }-5- 
methy 1- 1 -oxo- 1H, 5H-benzo [i, j]quinolizine-2-carboxylic acid and prodrugs and salts thereof; 

S-(-)-9-fluoro^J-dihydro-8-{cis-^ 
methyl- 1 -oxo- 1H, 5 H-benzo [i, j]quinolizine-2-carboxylic acid and prodrugs and salts thereof; 

S-(-)-9-fluoro-6,7-dihydro-8-(4-hydro^ 
methyl- 1 -oxo- 1 H, 5H-benzo [i, j]quinolizine-2-carboxylic add and its isomers (mixture of cis 
racemate and trans racemate); 

S-(-)-9-fluoro^,7-dihydro-8-(3,3-^^ 
oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic add and its isomers; 

S-(-)-9-fluoro-6J-dihydro-8-(4-acetoxy-3,3-dimethylpiperidm^ 
oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic add and its isomers; 

S<-)-9-fihioro^,7-di^^ 
methyl- 1 -oxo- 1 H, 5H-benzo [i, j]quinolizine-2-carboxylic add and its isomers; 

S-(-)-9-fluoro-6,7-dihydro-8-(3 -ethyl-4-hydroxypiperidin- 1 -y l>5-methy 1- 1 -oxo- 

lH,5H-benzo[i, j]quinolizine-2-carboxylic add mixture of ds racemate and trans racemate; 
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S-(-)-9-fluoro^jKfchydro- 
l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid mixture of cis racemate and trans 
racemate; 

S-(-)-9-fluoro^,7-dihydro-8^^yM-pw^ 
oxo- 1H, 5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 
S^-)-9-fluoro^J^ihydro^ 

benzo[i, j]quinolizine-2~carboxylic acid and its isomers; 

S -<-)-9-fluoro-6, 7-dihy dro-8-(3 -ethyl-4-hydroxy-3 -methylpiperidin- 1 -y l)-5 - 
methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic add and its isomers; 

S-(-)-9-fluoro-6J-dihydro-8-(4- 
methyl- 1 -oxo- 1H, 5H-benzo [i, j]quinoli;ane-2-carboxylic add and its isomers; 

S-(->9-fluoro-6J-dihydro-8-(3-ethyM^ 
methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

, SK->9-fluorcH6,7-dihydro-8-(3^^ 
oxo- 1 H, 5H-benzo [i, j]quinolizine-2-carboxylic add mixture of ds racemate and trans racemate; 

S-(-)-9-£hioro^J^ydro^(trans-3,5 
methyl- l-oxo- 1H, 5H-benzo[i, j]quinolizine-2-caiboxylic add and isomers, prodrugs and salts 
thereof; 

S-(-)-9-fluoro-6J-(Uhydro-8-(ds-3,5-dimethyl-4-hydroxypipOTdin- 1 -yl)-5- 
methyl- 1 -oxo- 1 H,5H-benzo[i, j]quinolizine-2-carboxylic acid and isomers, salts and prodrugs 
thereof; 

S^-)-9-fluoro^,7Kiihydn>-8-(^^ 
oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic add and its isomers; 

S^-)-9-fluoro-6,7-dihydro-8-(3,3;^ 
1 -oxo- 1H, 5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

S-(-)-9-fluoro-6,7-dihydro-8-(4-hydro^ 
oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic add and its isomers; 

S-(-)-9-fluoro^jKiihydro-8^3-n-^^^ 
oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic add and its isomers; 

S^-)-9-fluoro^J-dihydro-8-(3,3-di-^^ 
l-oxo-lH,5H-benzo[i, j]quinolizine-2-caiboxylic add and its isomers; 

S-(->9-fhioro^J-dihydro-8-(4-ty 
oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic add and its isomers; 
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S-(->9-fluon>-6J-dihydro-8-(3-betizy^^ 
lH,5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

S<-)-9-fluoro-6,7-<iihydr^ 
oxo-lH, 5H-benzo[i, j]quinolizine-2-carboxylic acid; 

S-(-)-9-fluoro-6,7-dihydro-8-(4-hydroxy-4-t^ 1 -yl)-5- 

methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-caiboxylic acid; 

S-(-)-9-fluoiT>-6 J-dihy dn>-8-(4-ty 1 -yl)-5 -methyl- 1 - 

oxo-lH, 5H-benzo[i, j]quinolizine-2-carboxylic acid; 

S-(-)-9-fluoro^,7-dihydn>-8^4-hy(fr^ piperidin- 1 - 

yl)-5 -methyl- 1 -oxo- 1H, 5H-benzo [i, j]quinolizine-2-carboxylic acid and its isomers; 

S^-)-9-fluoro-6J-dihydro-8^3-fhjoro^hydroxypiperi 
1H, 5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

S-(-)-9-fluoix>-6,7-dihydro-8-(3-amm 
l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

S-(-)-9-fluoro-6,7-dihydro-8-(4-hydroxy-3,3,5-trimethylpiperi 
l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

S-(->9-fhioro-6,7-dihydro-8-(3,5-dim 
methyl-l-oxo-lH,5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

s ~(-)-9-fluoro-6,7-<]Khyd^ 

methyl- 1 -oxo- 1H, 5H-benzo[i, j]quinolizine-2-carboxylic acid and its isomers; 

Pivaloyloxymethyl S-(->9-fluoro-6,7-dihydro-8-{tr^ 
methylpiperidin-l-yl}-5-meihyl-l-oxo-lH,^ 

Acetoxymethyl S-(->9-fluoro-67-^ydro-8-{trans^-(^>hydroxy-3-(RS^ 
methylpiperidin-l-yl}-5-melbyl-l-oxo-lH,5H-benzo[y]quinolizine-2-c^ 

Carbethoxymethyl S-(-)-9-fluon>-6J-dihydro-8-{trara^ 
methy lpiperidin- 1 -yl}-5 -methyl-l-oxo-lH,5H-b©izo[ij]quinolizine-2-carboxylate; 

2-Piperazino-ethyl S-(-)-9-fluoro-6,7-dihydro-8- {trans-4-(RS>hydroxy-3 -<RS)- 
methylpiperidin-l-yl}-5-methyl-l-oxo-lH,5H-be 

2-Morpholino-ethyl S-(->9-fluoro-6J^hydro-8-{lraiis^-(RS>hydroxy-3-(^)- 
methy lpiperidin- 1 -y 1 } -5 -methyl- 1 -oxo- 1H, 5H-benzo [ij] quinolizine-2-carboxy late; 

2-Pyrrolidino-ethyl S-(->9-fluoro-6,7-dihydro-8- {trans-4-(RS>hydroxy- 
3-(RS)- methyl piperidin-l-yl}-5-methyl-l-oxo-lH,5H-bei^ or 

4-(N-methyl)-piperidinyl S-{-)-9-fluorcH6J-dihydro^-{ti^^-(RS)-hydroxy- 
3-(RS)-methyl piperidin-l-yl}-5-methyl-l-oxo-lH,5H-benzo[ij]quinolizine-2-carbo^ 
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4. A method for preparing S-(-)-9-fluoro-6,7-dihydro-8-(3- or 4- or 5-substituted-4- 
hydroxypiperidin-l-yl)-5-methyl-l-o^ acid 
comprising the steps of heating a mixture of (0-B)-diacetoxy-{S-(-)-8,9-difluoro-5-methyl- 
6,7-dihydro-5-methyl-l-oxo-lH,5H-benzo[ij] quinolizine-2-carboxy } borane and 3- or 4- or 
5-substituted^4iydroxypiperidine in an organic solvent , optionally in the presence of a base 
at 50°- 120 °Cfor4-24hr. 

5. A method for preparing S<-)-9-fhioro-6,7-dihydro-8-(3- or 4- or 5-substhuted-4- 
alkanoyloxypiperidin-l-yl>5-methyl-lK>xo-lH,5H-^ acid 
comprising the steps of stirring a mixture of S-(-)-9-fluoro-6, 7-dihy dro-8-(3 - or 4- or 5- 
substituted^hy<koxypiperidm-l-yl>5-m 

carboxylic acid with an appropriate alkanoylating agent in presence of a base in the presence 
or absence of an organic solvent at 0° - 100°C for 0.5 - 8 hr . 

6. A method for preparing alkanoyloxymethyl S-(-)-9-fluoix>-6,7-dihydro-8-{trans-4-hydn>xy- 
3-methylpiperidin-l-yl)-5-methyl-lK)xo-lH,5H-b 

comprising the steps of treating S-(-)-9"fluoro-6,7-4ihydro-8-(4-hydro>qr-3-methyipiperidin- 
l-yl)-5-methyl-l-oxo-lH,5H-benzo [y]quinolizine-2-carboxylic acida with halomethyl 
alkanoate in presence of a base in the presence or absence of an organic solvent at 0° - 100°C 
for2-24hr. 

7. A method for preparing heterocyclic amino/heterocyclic aminoalkyl S-(-)-9-fluoro-6, 7- 
dihydro-8-{1rans-44iydroxy-3-methylpiperidin^ 

quinolizine-2-carboxylate comprising the steps of treating S-(-)-9-fluoro-6,7-dihydro-8-(4- 
hydroxy-3 -methylpiperidin- 1 -yl)-5 -methyl-1 -oxo-lH, 5H-benzo [ij] quinoliidne-2-carboxylic 
acid with hydroxy heterocyclic amine/hydroxyalkyl heterocyclic amine in presence of a base, 
in the presence of a condensing agent and in the presence or absence of an organic solvent at 
50 o -100°Cfor2-48hr. 

8. A composition comprising a compound according to claim 1 and an excipient, diluent, 
solvent or carrier. 

9. A composition comprising a compound according to claim 2 and an excipient, diluent, 
solvent or carrier. 

10. A composition comprising a compound according to claim 3 and an excipient, diluent, 
solvent or carrier. 

11. A method for treating an infection comprising administering an eflfective amount of a 
compound according to claim 1 to a patient in need thereof. 
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12. A method for treating an infection comprising administering an effective amount of a 
compound according to claim 2 to a patient in need thereof. 

13. A method for treating an infection comprising administering an effective amount of a 
compound according to claim 3 to a patient in need thereof 

5 14. A method for treating an infection caused by gram-positive organisms, gram-negative 
organisms, mycobacterial infections or nosocomial infections comprising administering an 
effective amount of a compound according to claim 1 to a patient in need thereof. 

15. A method for treating an infection caused by gram-positive organisms, gram-negative 
organisms, mycobacterial infections or nosocomial infections comprising administering an 

10 effective amount of a compound according to claim 2 to a patient in need thereof. 

16. A method for treating an infection caused by gram-positive organisms, gram-negative 
organisms, mycobacterial infections or nosocomial infections comprising administering an 
effective amount of a compound according to claim 3 to a patient in need thereof. 
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